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ABSTRACT 
This paper is primarily concerned with providing an overview oF studies on 
Mesozoic radiolarians and présents a general background of living radiola¬ 

rians and the dift'erent stages they go through (the filters) from their State as 

plankton to their State as fossils, as geologists find rhem in rocks. Tlïis is fol- 

lowed by a review of the main publications documenting radiolarians world¬ 

wide since their discovery. The main purpose of rhis paper is to présent to 
westerners the various work related to the eastern European platform coun- 

trie.s (European part of rhe former Soviet Union) as the majority of these 

papers are writren in languages unfamiiiar co most geologists. We hâve therc- 

forc chosen co présent here their hisrorical background, and their lociuion, as 

precisely as possible, in order to allow further comparisons. 
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RÉSUMÉ 
Nous présentons ici un survol des études ayant porté sur les radiolaires méso¬ 

zoïques. Nous nous intéressons d’abord au contexte général des radiolaires en 

tant qu’organismes vivants et aux étapes qu’ils Iranchisscnt (les filtres) depuis 

leur état d'organisme planctonique (usqu’à leur état de fo.ssilcs, tels que le 

géologue les rencontre dans les roches. On envisage ensuite les principaux 

travaux à travers le monde permettant de mieux les œnnaîïrc, depuis leur 

découverte. Le principal but de cet article est de mettre à la disposition de la 

communauté occidentale les résultats portant sur la partie orientale de la 
plate-forme européenne (partie européenne de l'ex-Union Soviétique), ces 

Travaux étant le plus souvent difficile d’accè.s à la plupart des géologues. Nous 

avons donc choisi de présenter ici leur contexte historique, et leur localisa¬ 

tion, aussi précisément que possible, afin de permettre leur utilisation et des 

compaiaisorts ultérieures. 

GEODIVERSITAS • 1997 • 19(2) 319 



De Wever P. & Vishnevskaya V. S. 

INTRODUCTION 

Stratigraphical corrclation has been hampered by 

lack of world-wide cooperative studies, Now thar 

scientific exchange is casier berween Eastern and 

Western workers tlie solutions to ni.tny stratigra¬ 

phie problcms may be found through joint pro- 

jects and enable researchers vo compile a more 

complété fossil record. Improved networking can 

now allow interested workers to develop modeJs 

that will  facilitate more accurace incerpreraiions 

of geological basJns. The goal is to make biostra- 

tigraphicaJ basin analyses a more u.seful tool boîli 

for industry and for academies. Some fossil 

groups have been studied for a long time, arc 

relatively wcll known and their corrélations bet- 

ween sevcral basins are possible, even thongh still 

imperfect. On the contrary, other fossil groups 

rcmain almost ignored wich potentially impor¬ 

tant groups often overlooked as stratigraphie 

tools. The utility of these groups is excellent 

when sy.siematic conformiry is applied by the 

specialist communkies. The changing reknion- 

ship of some fossils groups wich other groups 

often signais changes in basin and océanographie 

conditions. Taxonomie and stratigraphie syn¬ 

thèses are publishcd or in préparation from 

Tethyan régions but often no corrélation is pos¬ 

sible wich gcographjcal areas which werc under 

Boréal influence. This gap in otir knowledge 

results from; (1) different paUeogeographic 

domains (Boréal jfs Tethyan); (2) rhe fier that 

much of the Boréal data was acquired m eastern 

countries where mechods and technica] mcans 

are different U'.e. no common use of the scanning 

électron microscope). Contparisons berween chc 

relevant fossil assemblages are problematical partiy 

because of the inaccessibiliry of much of the 

published literaturc, especially in référencé to the 

taxonomy, and partly because of rhe iack of good 

photographie illustrations in rhe published 

monographs. 

In order to progress towards rhe corrélation bet- 

ween Boréal and Tethyan basins it is firsc ncces- 

sary to .standardise the different biological 

chronometers of rhe existing studies available. 

The objective Ls to consolidate information st) 

that other geologists interested in these deposits 

can use rhe imerrelationship of microlossils as a 

valuablc tool. Other indirect beneflts are to be 

able to understand Russian Verminology in iratis- 

larion, and eventually. standardise tenns. Our 

project will  be accomplished by developing a 

three-fold process, each part of which can bc car- 

ried out simuhaneousiy. Firstly a State of the 

knowledge has to be scitled; this is chc objective 

of the present paper. Secondly the systematics 

must bc dealt with (re-examinarion of the taxo- 

nomy of somc sclected fossil groups from west¬ 

ern basins and from the Russian Platform, 

Caspian Sea Regiorit Siherian Lowlands, North 

Kazakhstan, ... which have been worked on by 

many spécialises), fhirdly. to develop biostrati- 

graphical and palaeoenvironmental application 

by comparisons of lithology, géologie history, 

abondance and diversity wich other fossils, This 

enormous lask will  then allow problems to be 

jointly stated and solutions to be recorded. 

To exrrapolare the original biological environ- 

menMl -signais from the geological fcalurcs recor¬ 

ded requires a gotïd knowledge ot (i) successive 

filcers which have changed it and of (ii) the origi- 

nators of these signais {Le. the radiolarians), 

Radiolarians have existed since che Cambrian 

(Nazarov 6c Ormiston 1993) and comprise seve- 

ral thousand species. They w-crc disregarded for 

stratigraphie purposcs for a long time, but since 

Riedel {1952, 1957) proved their stratigraphical 

worth, they have been studied more thoroughly, 

especially since the 19S0s and their high value is 

now cstablished. Because of the difflculty extrac- 

ting radiolarians from siliceous rocks, the first 

zonations were only proposed for the Cenozoic 

and the Mesozoic during late 1970 s (beginning 

with ihe Cretaceous then rhe Jurassic and lacer 

for Triassic times) and for the Palaeozoic since 

the 1980 s. 

INTERPRETATION OF OBSERVATIONS 

The initial stratigraphie problems were due to 

the initial taxonomy which u-sed an unnaiural 

taxonomie System and which did noi reflect phy- 

letic relationships. 3lii.s phase in rhe progress of 

Cenozoic radiolarian ta.xonomy and stratigraphy 

has depended largely on material collected. As 

more natural groupings replace the artificial ones 
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of Ehrenberg and Haeckch généra and familles 

chat extend from PaJaeozolc to Mesozijur, or from 

K4esozoic to Ceaozoic> become the peculiar- 

ity rather ihan the iule (Riedel iy67b). The 

Hacckelian syscem of radiolarian classification 

now persists in use only to the extern that the 

arduous t;uk of the tracing of phyleiic rclation- 

ships remains incomplète. Disputablc laxonomy 

for some radiolarians hampers the regisicring of 

assemblages in their entirety, at the levcl of spe- 

cies. many taxa are variously dclimited by diffe¬ 

rent authors, so thaï a work bas Utile utiluy 

unless it describes and illustrâtes (or icfers to a 

published, illustratcd description of) the mor- 

phological variability invoivcd for each namc. A 

perplexing decision to be rcquired, at the begin  ̂

ning of an investigation of radiolarian strarigra- 

phy, is the cxient to which it is appropriate to 

quaiuify abundances of taxa. It is gcncrally unsa- 

tisfactor)'  ̂to record onlv présences and absences, 

because the observation of hundreds of spéci¬ 

mens of a taxon in an assemblage cleaiiy carries 

more wcighi in interprétations than does a single 

spécimen. And an absence recorded after sear- 

ching througb few spccimens bas less mcaning 

than one recorded after searcliing throiigh ten 

thousand. On the other h.md, it can be a futile 

effort to coLint abundances wilh gréai précision, 

unless detailed palaeocnvironmental interpréta¬ 

tions are the main goal. When thousands of spé¬ 

cimens are présent on each slitle, as it is 

commonly the case in Cenoxoic radiolarian stu- 

dies, it is possible to conducr a middic policy 

berween excessive and insiifficietit  c]uanrification 

by estimacing hovv many specimens miisr be sear- 

ched througb, ta find a certain number of spcci¬ 

mens of the t,i\on being recorded, and rben 

converting ihls number lo a ratio of the total 

assemblage. The rcsulting estimâtes of abundan- 

ce are iiscful not only for the weighting of bios- 

tratigrapbic events but ai.so for broad-scale 

palaeoenvi I on mental indications. Préservation of 

tbe radiol.arians is anorher important factor in 

stratigraphie interprétations, for tbe rccording of 

which therc arc not, as yet, any satisf.ictory 

conventions. It is not unusual for authors to 

record asscml^lagcs as ‘wcll  vs poorly presert'ed”, 

‘Mightly  VS greatly corroded”, etc., and thèse 

indications are useful in evaluating the signifi- 

cance of absences of délicate species from the 

assemblages, or concentrations of particularly 

robust species. 

From plankion to rock 

Radiolarians, présent in all océans and open seas, 

arc floaiing predaiors and include in rheir cy'to- 

plasm symbiotic algae (zooxanthellae) which also 

contribuce to thcir nutrition. Sevcral groups of 

radiolarians hâve a high endoplasmic content uf 

oil-droplets. A connection with volcanisni, which 

has aiway.s been presumed. is crroncous. 

Radiolarians live in the upper part ot the waier 

column and do not require a deep océan. A laii- 

tudinal distriburion does exist for radiolarian 

associations. Ii is also possible to differenriate 

surface from subsiirface assemblages. In sédi¬ 

ments below upwclling sites a mixture of fauna 

systemaiically occurs; cold and warm-water spe¬ 

cies as off Peru wherc Ancarciic waters arc mixed 

with tropical waters (De Wever et al. 1995, 

NAUTIPERC), surface and subsiirface waters as 

off Somalia (Caulci et al. 1992). flence, the 

chances of disiinguishing Tropical-Tethyan as 

against Boréal fauna when working on fossil 

radiolarians extracied from radiolarite are almost 

non-existent since radiolarite faciès resuit from 

upwclling .Systems (De Wever et al. 1994, elf). tt 

is thcTcforc necessary' to invcsligatc radiolarians 

from other f.tcic-s lo be able to depict biopro¬ 

vinces and rbe sédiments of the Russian plat¬ 

form, having borh Tethyan and Boréal 

influences, are good candidates. Pnlycysrines (a 

Superorder), with their siliceous skeleton, are the 

only radiolarians s.t. which ,arc preserved as fos- 

sils. At présent, among Polycystines, the order of 

Nassellarians are the most diversified, alrliough 

chose of the order of Spumellarians seem to be 

the most abundani (Lombari &C Bowden 1982). 

After deaih, an individual test is at Icast partially 

di.ssolved during ils setriing through the water 

column, then while ir lies on the sea floor and 

finally within the sediment. Mo.st of the radiola¬ 

rians that scltlc occur in faccal pcllcfs. Sédiments 

deposited at the same time as the bioca tend to 

average ont the background variations such as 

seasonal changes. Robust forms and those of 

blooms are over-represented in sédiments when 
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comparée! with rhe common plankton (vSwanberg 

& Bjorklund 1992). The numbers of individuals 

and specics arc lowcr in sédiment (and a fortiori 

in the rock) than in plankton. Ir is esrim.ired rhat 

less than 1% of rhe sUica fixed by planktonic 

organisms in surface waters is preserved wirhin 

rhe geologicaJ record. This différence is greater 

when planktonic individuals are not abundanr. 

Radiolarians may be abundanr in relarivcly shal- 

low basins close to a shoreline where prevailing 

Chemical condilious lavour iheir prcservaiion 

and where detriial inpui is very low, e.g. lhe 

Santa Barbara Basin, ofF California at a depth of 

below 500 m (Kling 1979). Other cxamplcs can 

be quoted in Norwegian fjords (Swanberg &: 

Bjorklund 1992). Abundanr radiolarians and 

foraminifers frequently share the same geogra- 

phical water domains but in sédiments tliey are 

ofren murually exclusive: when siliceous fossils 

are preserved, caJeareous ones are noi and tncc 

versa, Radiolarians behave as otber planktonic 

organisms: the mosr important factor being rhe 

abundance of nutriments, not rhe abundance of 

silica. A scénario where transgressions arc associa ̂

ted wirh a significanr input of organic marter 

and a radiolarian bloom has been proposed by 

Sreinberg (1981) for rhe main epochs of silica 

déposition. 

The biogenic silica Opal-A is unstable and trans- 

formed into Opal-CT then inro quartz. 

Transformations from opal ro quartz are sépara- 

ted by a liqiiid  stage (Carr & Fyfe 1958; 

Mizutani 1966). Température and rime srrongly 

affect silica diageneric phases (Murata Larson 

1975). Hence, chert prevails in older or deeper 

sédiments and porcelanites in younger or shallo- 

wer ones. Silica phase transformations arc 

accompanied by porosity réduction. The original 

porosity i.s higher when ihe sediment is richcr in 

silica and during diagenesis (Isaacs 1981). L'or 

the geologist, the porosity dccrease (volume) cor¬ 

responds tu a diminishing of oïdy one Jlmcnsiorî 

(the thickness) and the important decompacting 

factor has ro be taken inco account when accu¬ 

mulation rate and palacoproductivlty calcula¬ 

tions are made (De Wever et ni. 1994). In 

addition to pressure and température, rime 

favours both opal transformations. Cherts thus 

aie more prévalent in older sédiments (Palacozoic 

and Mesozoic) and porcelanites in more recent 

ones (Cenozoic). The transformation of Opal A 

ro OpahCT is esrimared to oeem at 25-50^  ̂and 

takes 20 m.y. in areas uf low to inoderate sédi¬ 

mentation rates and 5-10 m.y. in areas of high 

sédimentation rates (Kastner 1981). lhe 

Opal'CT to quartz iTansformacion occurs wirhin 

40-50 Ma (Keene 19/6). Ail  the possible modifi¬ 

cations which affect a radiolarian test {dissolu¬ 

tion in the water coluinn, near the 

sediment-intcrface and during diagenesis) after 

ics dearh are so grear rhat the chances for a skele- 

ton to be obseiwahle by a geologist are almost 

zéro, especially when onc adds the ciching with 

hydrofluoric acid to free the test from ihc rock in 

the laboratory. 

POTENTUL IMPORTANCE OF RADIOIARIAN  

CONTRIBUTION TO MARINE PETROLEUM SOURCE 

ROCKS 

As shown by Lisitzin (1971), rhose areas in 

modem océans thar hâve high organic producti- 

viry are invariably rich in diatoms and/or radiola¬ 

rians, and lhe.se arc dcpositetl in chc bottom 

-sediment. Primary production of organic matter 

in the present-day marine environments is main- 

ly as.sumed by various group of unicellular, 

microscopie planktonic organisms. Radiolarians 

were probably an important produccr during 

Palaeozoic and early Mesozoic rimes when plank- 

torfic foraminifers, coccoliths and diatoms had 

nor eniergcd (Ormi.sron 1993). Production of 

biogenic silica and marine organic matter both 

resuk from a Ingli planktonic activity (Takahashi 

1986; Diester-Haass et al. 1992; Caulet ei al. 

1992: Saruthein et al. 1992) but do not aiways 

remain associated in .sédiment (De Wever & 

Baudin 1996). 

Somc source rocks hâve their kerogen présent as 

strucrurcless, amorphous matcrial not aitrihut- 

ablc to any spécifie organism. It is not uncom- 

mon, however, to read référencés to such 

sriucturcless amorphous matcrial as being of 

“ algal" origin despite a lack of rigorous proof. It 

is suggested by Ormiston (1993) that radiola¬ 

rians, which are a common bioiic élément in 

source rocks, could bave contribured significant- 

ly to their organic richness as they are known to 
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conrain significant concentrations of lipids, even 

though the identity of tliosc lipids tcmatns a 

mystery. A steady contribution of radiolarian 

lipids CO océan sédiments could hâve bccn 

mcdiated by the minute faecal pellets (minipcl- 

lets 10 ro 30 pm in si7.e) these organisms hâve 

recently been found to producc (Gowiiig & 

Silver 19H5). The main biochcmical cornponents 

of radiolarians consist of carbohydrates, prorein 

and lipids, the lattcr bcing an Lmponant compu- 

nenr of organic molecul.cs accrctcd in the sédi¬ 

ment. Certain colonial radiolarians are 

particularly lipid-rich (Anderson 1983)- The 

organic carbon content ot such colonial radiola¬ 

rians is, narurally, high [f  this lipid-rich material 

aecretes in subsianrial amounts in ooeanic sédi¬ 

ment, it ought to be a significant contribuior to 

organic richness oF rhose sédiments. Some 

modem colonial species which arc lipid-rich (sec 

illustrations in De Wever 1994) and bave a pre- 

servable skclcton arc abundantat certain rimes of 

the year lu occanic vvaters. Calculation reveals a 

significant potential contribution of lîpid input 

to modem océan sédiments by colonial radiola¬ 

rians. Wc can reasonably infer that ancient radio- 

laria aiso conrained substatuial lipid-rich 

vacuoles as these are so important, both'as a food 

resource and as an aid to flotacion. Radiolarians 

are predators and feed from a diverse range of 

Food sources (Swanberg 6c Anderson 1985) 

which suggests that they would hâve access ro 

such a sélection of molécules that cheir bioche- 

mical make up might bc highly varied. More- 

over, theit symbionts conrribute ro an important 

extent ro the lipid dropicts incliidcd in cheir cen¬ 

tral capsula, eitlier direcily or indircctly 

(Anderson 1983). l'he dircetness of the pathway 

from these symbiotic algal cells to the lipid dro- 

plet of radiolarians suggest.s thaï thosc lipid dro- 

plets in radiolviri.ms might hâve molécules wirh 

an "algal signature ̂Research is still needed to 

recognise possible bionuu’kcrs în living radiola¬ 

rians. The identification of a diagntjsric radiola¬ 

rian would not only provide a meaiis te» idencify 

radiolarian conrriburion to Üpid-richness ol 

ancient sédiment. Ac ieast until such chemical 

evidence i.s available one .should include palaeon- 

tological study of body fossils in aiiy scudy 

attempting palaeoenvironmental characterisation 

of such sedimentary rocks because of sc'veral Fac¬ 

tors: (1 ) silica may act as a dilureni of the organic 

matter (Bogdanov et uL 1980; Aplin et/il. I992)î 

(2) porosirt  ̂bas an important rôle in the préser¬ 

vation or otherwLse of the organic matter, per- 

miiting exchanges, oxygénation or action of 

sulphaies which clestroyed il (Aplin et fd. 1992), 

To conclude, there is a relation beeween organic 

mauer and silica but rherc is more than one para- 

meter thaï influences their abundancc in sedimen- 

rar  ̂rocks and rhese facror's identity and 

importance are not well idendfied yet. They boch 

resuit from a high productivity but, as their condi¬ 

tions of préservation are not the same, diey are not 

systemarically associated in sedimentary rocks. It 

would now be of grear interesv lo compare these 

Mesozoic depositional sites with some other rela- 

ted faciès such as phranites of Western Europe. 

HLSTORICAL BACKGROUND 

In order to présent a general scope of the studies, 

we have chosen to address rhe general State of 

world'wide knowledge, wirh spécial emphasis on 

Europe, before providing ail rhe information 

from Russian plarform in a more detailcd form. 

AUhough Ehrenberg (1854-1856) had sufficieut 

marine sédiments and land-based samples U) pro¬ 

vide a general portrait of Cenozoic radiolarians, 

he did not possess good Mesozoic samples. 

Consequently it was Zittcl (1876) who dcscribed 

the firsi fcw Crcraccous radiolarians from nor- 

thetn Germany. Al about ihe cime that Haeckel 

(1881, 1887) was publishing hi.s taxonomie Sys¬ 

tem of radiülariati.s collectcd by the Challenger 

Expédition, Rüsr (1885, 1898) was working on a 

broadly based investigation ot European 

Mesozoic and Palaeozoic assemblages. Ruse 

applied Haeckel's gcneric names, iniciaced for 

Cenozoic radiolarians, to his pre-Cenozoic 

forms. An unlbrtunate conséquence is thar many 

of the généra introduced by llaeckel in 1881 

hâve, as type species, Mesozoic forms de.scribed 

by Riist (1885) from poorly presctA^cd assem¬ 

blages, because Haeckel’s descriptions of spccics 

did not materialize uncil 1887. Accordingly 

many of Haeckefs généra are not as firmly based 
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as chey would haVc becn with Aveli-prescrvcd 

Cenozoic fornis as their n^c species* and a tcn- 

dency was initiated for Cenozoic and Mesozoic 

forms to be assigned to the same genus, encoura- 

ging an impression rhat radiolarian généra bave 

long stratigraphie ranges. During the following 

décades, Cretaceous râdiolarians were described 

from many scattered locdlitics (Table 2), but 

there was little stratigraphie progress bccausc of 

the unnatural taxonomie System used. In an 

effort to ovcrcomc ihis obstacle» Hindc (1897, 

1900) began to expand the rcmark by Rüst 

(1892) thar Mcsozoïc radiolarian assemblages 

include higher ratio of cyrtoid spccies than do 

Palaeozoic ones. Alrhough this method of 

apprnximare âge détermination was quesrionable, 

as was underlined by Tan in 1931, it was still 

being used, in a somewhar elaborated way, for 

example, by Kobayashi & Kimura in 1944. 

Reports of the end of rhe 19th centui^' are essen- 

tially descriptive, and rhe studted samples are 

often undated because the absence of any other 

fauna. The modem phase of Mesozoic radiola¬ 

rian stratigraphy started with Khabakov (1937), 

who understood that the seemingly exrended 

stratigraphie ranges of many taxa were the reper¬ 

cussion parily ol the unnarural taxonomie Sys¬ 

tem, and pardy of mistaken age-dcccrminarions 

of strata. Researchers used Haeckelian systema- 

tics for décades {e.g. Campbell &L Clark 1944; 

Campbell 1954). Since rhe vvork by Riedel on 

Cenozoic matcrial (1952, 1953) rcvcalcd rhe 

Haeckelian syseem inapproprintc, it bccamc clear 

that the taxonomie System for Mesozoic radiola- 

rians would have to bc reconsidered and thaï it i.s 

disjunct from thac for tlic Cenozoic (Ricdcl 

1967b). Indicarions for a sudden change in fauna 

at or ncar the Crctaccous/Paleocenc boundary 

arc documented by Lipman (1952) and Forcman 

(1968) resuhing in ensuing large numbers of 

new généra and scveral new families being descri¬ 

bed for ihe Mesozoic (PoreTnan 1968; Dumitrica 

1970; Pessagno 1969a, b, ...). During the I96ü'sr 

some stratigraphie charts were published for 

Cretaceou.s radiolarians ̂but thcsc were generalty 

of local appJicability. Zbamoida (1972) compiled 

a summary of Mesozoic radiolarian occurrences 

in rhe “Pacific mobile belr”, and Zhamoida Ik 

Kazintsova (1981) reviewed Mesozoic radiolarian 

literatLire appeai'ing berween 1967 and 1978. In 

the 19'^0’s, the Deep Sea Drilüng Project 

(DSDP) afforded the chance to correlate the évi¬ 

dence bervs'een conrinental and marine localiites, 

making possible rhe construction of stratigraphie 

charts of wide applicability, and also allowing the 

calibration of radiolarian occurrences with calca- 

reous microfossil groups zonations. 

Triassic 

Despite the grcat divcrsiiy existing among Upper 

Non'an and Rliaetian radiolarians, relatively few 

Taxa have been described. 

Wor/d (exclndirfg Europe) 

Pacific, Atlantic, Indian. Noue. 

America. Some earlier studies in North America 

were publisited by: Martin et al, 1915, and 

Smith 1916, A new set of studies was initiated 

on western Norrh America by Pessagno et ai 

(1979) in Raja Californui. Pessagno & Blome 

(19S0) studied the évolution of pantanelliid 

radiolarians and described species of several otber 

généra from the upper Norian on Queen 

C'harlorte Islantls. RIome (1984a. b) further stu¬ 

died this fauna, described new spccies and pro- 

posed a prcliminaty radiolarian zonation for i:he 

Upper IViassic of western Norrh America wirh 

rhe ropmost Triassic subzone, the Berracciiim 

cfeweveri Sub/.one,, bascd on upper Norian faunas 

of Monoris âge from ilie same locality. Further 

invGsrigarions in the Queen Charlovrc Islands 

wcrc Lindcrtaken by Carter (1990, 1993) who 

also studied the diverse Rhactiaii fauna from the 

Sandilands Formation and proposed threc preli- 

minary radiolarian assemblages. Subséquent stu- 

dics bave incliidcd documentation of rhe 

Triassic-Jurassic boundary itr northern Queen 

Charlotte Islands (Tipper &: Carter 1990), evo- 

lutionary trends in latest Triassic and earliest 

Jurassic faunas (Carrer 1994  ̂Tipper et ai in 

press) and a phylogenetîc siudy of the genus 

Fentsium (Carier 1992). In the northern Cache 

Creck 'lerrane of Southern Yukon, Canada, 

upper Norian radiolarians have been reporred 

from a ehert sample by Cordey et al. (1991 ). 

Eisewhere in western Notth America, Blome, 

Reed ÔC Tailleur (1989) found upper Norian 

radiolarians. Yeh (1989) studied radiolarians in 
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rhe upper pair ol' the Fields Creek Formation, be Triassic, and describcd some eighty species, 

east-central Oregon. His fauna (sample rC35) is predominancly spherical and elliptical forms, 

suggested to be Lower Jurassic, but it compares multi-segmented cyrtoidsi cogether with some 

closely with radiolarians from the Sandilands closed cyrtoids and chree-armed spongy forms. 

Formation and is more likcly  Rhaetian according Brouwer (1921) beheved this assemblage to be 

to Carter (199.3) who described and illustrated Late Jurassic. In tlie Phillipines, more recently 

miich of the Rhaetian fauna of the Qucen Cheng (1989) illustrated upper Nt)rian radiola- 

Charlotte Islands. rians from bedded chert of Uson Island. Furthcr 

SE Asia (Japan, Indonesia). In Indonesia studies in this area by Yeh (1990; 1992) and Ych 

Hinde (1908) investigated well-prcservcd radio- & Cheng (1996) indicate thaï, in addition to fau- 

larians from a number of Moluccan localities nas of late Ladinian and late Carnian âge, two 

(notably on Rôti and Savu) which he bclieved to radiolarian assemblages dated as late Norian and 

Fig. 1. — General map of eastern Peri-Tethys domain showmg the investigated régions listed on table 1. Main areas of investigation 

are marked with zones. The numbers refer to those given on table 1. Detail maps are provided on Figs 2, 3. 
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Table 1. — List ot publications dealing with Mesozoïc strata of the Russian platform. Each publication has a number which corres¬ 

ponds to that on figures 1-3. For each publication, the âge, région, latitude and longitude, subject of investigation, paleoenvironment 

and other involved fossil groups are provided. 

n° Auihor Age Région Longitude 

Latitude 

Subject of 

investigation 

Paleoenvironment Other group 

ot fossils 

1 Kariski 1889 in 

Petrushveskaya 1986 p. 144 

K2 St Simbirsk 

(Uljanovsk) 

48'15'E, 

54''25'N 

Presence of rads 

was eslablished 

Rads ooze from 

"santonian clay" 

no 

information 

2 Khudyaev 1931 J2cl. 

J3 km-KI ne 

Povolgje 

Sysola Riv. Bas. 

52' 20‘E, Sg 'SS'N 

49''3Û'-52^30'E, 

60^00'-61"00’N 

Rads from phosphate F'' 

49 sp . 

(With 20n.sp.) 

Marginal sea Ammonites 

3 Khabakov 1937 J3-K1 ne Basin Vjatke Riv 

Basin Kama Riv 

50^00’-53'00‘E 

56' oo'-eroo’N 

Rads from 2 horizons: 

Volgian and Neocomian 

94 gen. ^ species 

Upwellrng zone Ammonites 

4 Lipman 1952 K2 st-cp Kuznezk district 

of Penza région 

47^O0’-48'OO'E. 

53^2a'-53'50'N 

Descrlpt. of 48 sp. 

with 37 n.gp. 

Moderate water Forams 

5 Gorbachik & Druchziz 1959 K1 al Crimea 34M5'E. 45-‘20'N Presence of rads in ctay Shallow water Forams 

6 Aliev & Smirnova 1969 K1 al Vladimir district 40'’10'-41'^30'E. 

55'15'-56''30'N 

Presence of rads in cfay Shaliow water Forams 

7a Koziova 1971 J3 km Pechora basin 57‘“E. 62 N First quotation of rads 

iist ot 6 n.sp. 

Shallow water ? 

7b Koziova 1976 J3 V ?? ?? numerous rads. 1 n.sp. Shallow water 7 

8 Gorbunov 1971 K1 al Slavjansk 37'’30’E, 49"00'N badly presen/. rads 

from clay ar>d sand 

Shallow water no data 

9 Sichera & 

Semenov 1982 

K2 St Voronezh 38‘'00’-39°00'E, 

5r30'-52"00‘N 

well preserved rads 

in sand 

ailern. shallow & 

moderate waters 

no data 

10 Bragina 1987 K2 St Uljanovsk 4a=0a'E, 54'OO'N id. id. no data 

11 Vishnevskaya 1987 Kl al-K2 cp 1 -Moscow 

2- Vladimir 

3- Brjansk 

37^00‘-39''00’E. 

55^0Q'-55''30'N 

39 OO'E, SÔ 'OO’N 

35 E. 54^-55 N 

Biozonation Moderate 

water depth 

1- Inoc^amus 

2- Forams 

3- Forams in 

Kl al 

12 Vishnevskaya & 

Kazinsova 1990 

Kl-2 Central Russian 

platform 

30=-50'’E. 

40"-60'’N 

Comparison of 

rad. biozones 

no Info. no Info. 

13 Vishnevskaya 1993 K1-K2 1- Moscow 

2- PrecaucasuB 

37’-39"E. 

55^00-55 30'N 

37'^-40"E. 

44“30'-45’30’N 

Rads zonation 

4 illustration 

Moderate 

water-depth 

Forams 

14 Bragina 1994 K2 t-cp Khotkovo of 

Moscow district 

37°30’E. 55^30'N Rads siratig. ? Inoceramus 

15 Koziova 1994 J3 km Pechora 57°30'E, 62-^30'N presence of rads no Info. Macrofauna 

16 Amon & De Wever 1994 K2 Povolgie 50^-60"E. 

50-^^60^N 

Comparison of 

biozones 

shallow water Forams 

17 Amon 1985 K2 t-cp Usa river 57=’-67^E, 

66°-67^N 

Rads biozone shallow water 

18 Kazinsova & 

Olferiev in press 

Kl al Moscow région 37^-39^E. 55''N Rads from 

"Paramonov" clay 

shallow water Forams 
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early RJiaetian are présent also. 

In New Zealand, radiolarians trom Kapiti Island 

(Torlesse Terrane) studied by Blome, Moore, 

Simes ôc Watters (1987) are coeval with upper 

Norian faunas From rhe MonotLs beds at Kunga 

Island. In the Waipapa Terrane, Aita (in Sporli &  

Aita 1988) figured a mixed Patina of Upper 

’Triassic and Lower Jurassic Terhyan radiolarians 

from the red chert of Kawakawa Bay. Fucther 

refcrenccs to this tanna and its use in solving 

complexities of terrane accreiion in New Zealand 

are found in Sporli, Aira &C (nbstjn (1989). 

From Japanese cberts Yehara (1927) illustratcd 

six rather nondescript circulât torms from 

Sbikoku. Other localiiies (Kimura 1944a, b) sus- 

pected to be ’lriassic yielded poot ly preserved cir¬ 

culât radiolarians, spongy torms with three arms, 

and closed cyrtoids. Since tKc lare 1970 s a nuni- 

ber of radiolaricin zoiial schemes For rhe Upper 

Triassic bave been proposed by workers in Japan. 

Amongsr tbese Yuo, Matsuda & Iso/.aki (1980) 

established tbree successive radiolarian assem¬ 

blages of Middlc Triassic to Early Jurassic age 

from continuons séquences of chert in che 

Inuyama area, central Japan. The lowct assem¬ 

blée is Middlc Triassic; the middlc one is Late 

Triassic, and the upper one is Early jurassic. The 

Late Triassic assemblage was later separated inro 

three sub-assemblages (Yao et al, 1980); the 

upper two ot thèse wcrc proposed for laie Norian 

and Rhaetian forms, respectively. Numerous 

undescribed taxa were also figured at this time. 

In 1982, Ki.shida &: Sugano ostabli.shcd five 

assemblage zones for Triassic strata from the 

Cbichibu Belt in ihe Kodii and Oita Préfectures, 

Japan. Kishida & I Usada (1986) renamed and 

subdivided some of their as.semblages. Matsuoka 

figured upper Norian radiolarians (rom the Sou¬ 

thern subbclt of the Chichibu Belt, Koebi 

Préfecture (1983b) and discuSsed faunas from 

the Togano Group (1984b). 

Subsequently Sato, Murata Sc Yoshida (1986) 

established the Betraccium dcwevcri Zone for 

upper Norian strata in the Southern part of the 

Chichibu Terrane in Kyushu. Yoshida (1986) 

examined a Late Tfia-ssic to Early Jurxssic hedded 

chert sequence in Kagamigahara City, Gifu 

Préfecture, central japan, and .subdivided it into 

seven radiolarian zones. 

Aiso noteablc arc the works published by Ishida 

(1983). Kishida 8c Sugano (1982), Kojiina 

(1982), Matsuda & Isozaki (1982), Nakaseko & 

Nishimura (1979a, b), Takashima & Koike 

(1982), Yao (1972. 1979, 1981, 1982a, b, 1983. 

1986). Yao, Matsuoka & Nakatani (1982). In 

northern China, in initial studîes of radiolarians 

from the Nadanhada Range, Kojima &r Mîzutani 

(1987) figured upper Norian and Rhaetian taxa 

from Triassic hedded chert. Subsequently, 

Kojima 0989) discus.scd the accrctionar)' history 

of terranes along the continental margin ot East 

Asia during Mesozoic time iising Mlddle and 

Upper Triassic radiolarian assemblages (including 

somc upper Norian and Rhaetian t.axa) to point 

out simllaricies bcLvvccn the Nadanhada-Westem 

Sikhote-Alin l'erranc, and the Tamba-Mino- 

Ashio Terrane of Southwest Japan. Implications 

are that the Nadanliad.a Range Ts tlic northern 

extension of the Japanese terrane. The history of 

this Mesozoic superteriane is further discussed by 

Mizutani, Shao & Zhang (1990) along with 

simUar tectonostratigraphic terranes in rhe 

Ryukyu arc, rhe Philippines and probably 

Bornéo. A moïc recent paper by Yang & 

Mizutani (1991) outJines the geology and bio- 

straiigtaphy of the Nadanhada Terrane, pre.scnts 

preliminary révision of parasarurnalids, and des- 

crihes new paras'atuinalid taxa of latest Triassic 

and early Jurassic age. 

fn eastern Russia, Tria.ssic faunas in the Sikhote- 

Alin Terrane, Sakhalin Island (Verchojan areas), 

and the Koryak UpUnd were .siudied by Bragin 

(1986, 1991a. b, 1994). Radiolarians and cono- 

doiHS of mid Early Triassic to latest 'Triassic age 

(including late Norian and Rhaeti;m faunas) are 

présent in chert scquences at SikFioie-Alin where 

.seven radiolarian zones and seventeen conodont 

zones hâve been e.sLahli.shed. J'hese forms arc dis¬ 

cussed and illustrated and new taxa are descri- 

bcd. Goltman (1969) listed radiolarian généra 

occurring in the Triassic of Pamir, but until ihcy 

are illustrated a comparjson with enher fauna Is 

impossible. Among other publications from Asia 

one can also mentioned the works by: Bailey 

Mc Callien (I9*i3); Hudson et al. (1934); 

Ichikawa (1930); Kimura (1944a, b); Kobayu-shi 

BfT Kimura (1944b); Scrivenor (1929); Yehara 

(1927); Zhamoida (1958). 

GEODIVERSITAS • 1997 • 19(2) 327 



De Wever P. &  Vishnevskaya V. S. 

Europe (cxclndin^the Russian ptaîform) 

Records of radio)jrians are srill relatively rare in 

Triassic sedimentary rocks if rhe variety of levels 

involved is considered. In fact, most of the infor¬ 

mation availablc to date lias bccn obtained from 

Alpine faunas. 

Triassic radiolanans bave been recognised for a 

long time but compréhensive srudies are quire 

récent. Indeed, following a prcliminary note in 

1887, Rüst recorded in 1892 about twenry spe- 

cies from twenty-eight Triassic samples of central 

European hornsteins and calcareoiis Umestones. 

In the sarne year, Parona figured about a dozen 

poorly preserved forms including somc with cir¬ 

culât and clliptical ouflincs together with appa- 

rently spong)' forms with thrcc and four arms. 

Cyrtoids, of which some arc niulciscgmemcd and 

conical and others with inflated middle and 

lower sections and apparentJy closcd, tubular 

prolongations arc also documented by Parona 

(1892). Wirz (1945) illustrated a fcw circular 

and cbambered radîolarians in rhin sections of 

dolomite from south of Lake Lugano (Italy). 

Most of rhcsc assemblages arc not sufliciently 

weli-described ro permit comparison with faunas 

described in more recent papers. Following some 

other minor .siudies (Winkler-Hctniaden 1934; 

Andrusov 1950), a rcnewal will  corne from seve- 

ral Austrian séquences of clays and limestoncs, 

Kozur & Mostler (1972) described some fïfty  

weü-preserved radiolarians bclonging ro the 

emended Coccodsicids, a&traccurids, hcliodsicids, 

saturnalids and veghicyclids. in their .study of 

Middle and Upper Triassic radiolarians, Kozur & 

Mostler (1981)  ̂Kozur (1984a, b) described a 

great number of uew species and new généra 

from the Poischenkalk (Sevat) and Zlambach 

maris (Rhaetian) of Austria. Lahm (1984) fïgu- 

red Middle and Uppor Triassic taxa from norih- 

ern Italy and Austria; some of rhese ranging 

upward into the Sevat and Rhaetian. During rhe 

1970 s and 1980 s there was a renewal of irnerest 

on these levels (from Greect-, Sicily and Turkey; 

De Wever et oi 1979; De Wever 1982a, b; from 

Austria and Northern Italy; Donofrio & Mostler 

1978; Kozur & Mostler 1978,. 1979a> b, 1981, 

1983, and subséquent work; from the 

Carparhians; Dumitrica 1977, 1978a, b; 

Dumitrica et al. (1980); from Yugoslavia: 

Gorican & Buser 1990; from northern Italy: 

Lahm, 1984 

Samples yielding radiolarians are rare and locali- 

ries wlde-spread but, in Europe, mainly concen- 

trated in the Tethyan realm: from Austria. Italy, 

.Slovcnia, Serbia, Monténégro, Albania, Grecce 

and Turkey. Most of the Triassic bioevenrs hâve 

been inter-correlared and calibrated with 

Conodonts or Ammonites or Pelecypods No 

well-preserved and comprehensively described 

Rureal or sub-Roreal faunas are known in sufFi- 

cient number to be able to be considered as 

represenr.uive. Only recently some faunas bave 

been recorded in Russia from northern Siberia 

(Egorov &C Bragin 1995J- 

This synopsis illustrâtes tliat radiolarian workers 

around the vvorld hâve shown a renewed interest 

in upper Norian and Rhaetian faunas since 

1980, and that the tempo of rcsearch lias accele- 

rated quite rapidly in the past five ycars. Despite 

this intensiry, the majority of the Rhaetian fauna 

remains undescribed. 

) b RASSI C 

Worl/l (excluding Europe) 

Pacific, Atlantic, Indian. None beside.s the 

paper from Colom (1954) in rhe Atlantic Océan. 

America. Following somc prcliminary work by 

Boner bi Trejo (1956), Riedel & Schlocker 

(1956) and Smirh (1916), the First substaatial 

papers dealing with Early Jurassic radiolarians 

from Northern America werc published by 

Pessagno and his collaboracors (Pcvssagno bc 

Blome 1980, 1982; Pessagno & Whalcn 1982) 

and more recently by \ch (1987). In the 

Carihbean apparently only one questionable 

paper by Vcrniunt (1937) can be quored. 

Mattson bc Pessagno (1979) reported Late 

Jurassic and Early Crcraceoiis radiolarians in 

Puerto Rican cherts and limestones. Pessagno 

(1977b) was able to erect a radiolarian zonation 

lor the Late jurassic, on the ba*,is of lorms occur- 

rlng in cherts and lime.STone nodules in 

California. 

SE Asia (Japan, Indonesîa, Far East Russia). 

In the circunvPacific région, I linde (1917) listed 

poorly preserved Lare Jurassic radiolarians in 

cherts from several localities in the Celebes. 
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Some général quotationi of Jurassic rudiolarians 

in SE Asia may be found in Bailey 3c Mc Callien 

(1953), Hudson étal, (1954), Huzimoro (1938), 

Kawada (1953), Khabakov (1932, 1937). 

Khudyoev (1931), Kimura (1944a), Kobayashi 

(1935), Tromp (1947, 1948), Yehara (1927), 

Zhamoida (1972), and frora Indonesia in 

Brouwer (1921), liinde (1917), Krumbeck 

(1922) and Vogler (1941). Coomaraswanny 

(1902) recorded the presence of Jurassic radiola- 

rians togecher with planr rcmains in India. A 

broad summary of l.are Jurassic and Cretaceous 

radiolarians, with a définition of seven disrincr 

assemblages, was provided by Nakaseko 3c 

Nishimura in 1981. Since then recent workers 

arc elucidating japanese occurrences such as Aita 

(1982), Mizutani (1981), Matsuoka (1982a, 

1983a) and numerous other workers, 

Europe (excliiding the Rmnaa Platform) 

The pioneer work on I.ate Jurassic radiolarians 

was based on Italian and Synss localities. Rüst 

(1885) provided the original descriptions of 

assemblages from jasper.s, flints and siliceous 

shales irom a number of localities in rhe Allgau 

(southern Germany) and Austria (Urschlau) and 

from redeposited pebbles in western Switzcrland. 

He aiso obtained rich assemblages from copro- 

lites from iron mines at Ilsede, further north in 

Germany (ncar Hannover). Tins important 

paper presented seventy-two species dated as Late 

Lias-Early Doggei by associated ammonites. Rüst 

(1885) also recorded radiolarians in the 

Tithonian (Aptychus beds) from tlie Alps, in the 

flysch of ‘feisendori (in the Ach.ual), in the 

flysch from ’Eraustein (Upper Ravaria) and also 

from Neocumian levcis of the Carpathians ncar 

Podbiel. Wisniowski (1889) described moderate- 

ly preserved forrns in siliceous concrétions from 

the vicinit\' of IGakow, Poland. 

Italian authors described diverse assemblages 

from flint nodules in llmcstones at Cittiglio 

(Parona 1890), and radiolarite and siliceous 

shales at Spezia (Vinassa 1898a, b, 1899), 

Monginevro (Squinabol 1913) and the 

Bolognesc (Neviani 1900). Cayeux (1896) repor- 

red calcitizcd radiolarian skeletons in Tithonian 

limescones in the région of the Ardeche in South¬ 

ern France. Cayeux (1897) mentioned poorly 

preserved Jurassic radiolarians (Sch. inflata 

ammonite Zone) in the “Gaize"' from Argonne, 

from Cher (France). 

Muzavor (1977) described well-preserved radio¬ 

larians from siliceous mari at Oberaudorf 

(Bavaria). Steiger (1981) illustrated well-prcscr- 

ved forrns from lime.srone turbidides in the vici- 

nity of 8alzhurg. l’ioni  broadly based studics of 

Techyan assemblages rhe First radiolarian bio- 

zonations for Europe were made by Baumgartnet 

étal (1980) and Kocher (1981). 

Radiolarian bioscraiigraphic schemes for Jurassic 

and Cretaceous sequences were proposed by 

Tikhomirova (1984, 1987) and Kazinsova 

(1984) for rhe Carpathians and the Lesser 

Caucasus, but, as rhese investigations are based 

on thin sections they are out-of-date and prob- 

ably inaccurate, 

Other early papers dealt with Jurassic levels from 

Western Europe (Andrusov 1950; Anonymous 

1959; Bergounioux 1950; Cayeux 1891, 1896; 

Downic 1956; Cita 1965; Daccjué 1933; 

Dcflandrc 1953; de [.apparent 1925; 

Dunikowski 1882: Furrer 1951; Geyer 1961; 

Heitzer 1930bi Jacob 3c Nicorici 1957; Innocen- 

ti 1927i Jaccard 1909; Jodot 1931; Kraus 1914; 

Leischner 1961; Pantanelli 1880, 1887-1889; 

Parona 1892; Protescu ]933i Rüst 1885, 1898; 

Sido Sikaboiiyi 1953; Termier 3c Maury 

1928:Trauth 1950; Vadasz 1952; Vinassa 1898a, 

b, 1899; Wcynschenk 1950, 1951; 

Winkicr-Flermaden 1934). Data for Jurassic 

radiolarians arc numerous in folded Tethyan ter- 

ranes and radiolarians are the main constituents 

of the rocks for numerous Late Jurassic localities 

(in ail rhe radiolarite type fades). A large number 

of papers hâve been published during ihc lasr 

two décades including; Baumgartner 1980; I^e 

Wever 1982a, b; De Wever et al. 1986b; 

Dumitrica 1970; Ciorican 1994, ... 

The First bio.stratigrapbically significant papers 

dealing with F.arly Jurassic radiolarians were 

publi.shed recently From Tethyan realm (Pessagno 

&: Poisson 1981; De Wever 198 la, b, 1982a; De 

Wever &c Origlia-Devos 1982; Corican 1994). 

An .ivailablc set of stratigraphie markers can be 

based on some receni work (Gorican 1987, 

1994) and on the synthesis published by the 

InterRad group (1995). In spite of the abun- 
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dance nf work published during rhe two lasr 

décades, mosi of them deal with the Tethyan 

realm and ainiost no significant publications 

relate to tlie true Boréal realm. Nu well preservcd 

Boréal or sub-Boreal faunas are described in the 

lirerature and only some radiolarian species are 

mentioned in very sparse localities [Scotland: 

Dyer &c Copestake 1 989 and Russia; Khabakov 

1937 (illustration of the laiicr is too poor to be 

useful). and more rccçntly Bragin (1994) and 

Bragin &c Bragina (1995)]. d’hcreforc, at présent, 

there is no rcliablc general datum available to use 

for the Boréal prt)vince. 

No warm i^s cold taunas hâve been ideniified 

with confidence to date in western Kurope. This 

is mainly duc to rhe laci that much of rhe cur- 

rently available information bas been gathered 

from radiolarite-iype faciès and that this type of 

sedimentary rock was deposited under the most 

active parts of upwelling Systems (see above De 

Wever (V ^7/, 1994). 

Cretac1:ül:s 

World (excluding Europe) 

Some general reports (by topic or by location) 

were published by Krasnyi et al. (1962), Rüst 

(1887)> Socco (1905) and, in Africa, by Mvtgné 

&Sigal(1953). 

Pacific, Atlantic, Indian. Several studies based 

on DSDP matcrial hâve contribtited to the taxo¬ 

nomie and stratigraphie linderstanding of Early 

Cretaceous radiolarians (Moore 1973i Riedcl & 

Sanfilippo 1974; Foreman 1975). DSDP 

sequences from the North and Central Pacific 

hâve contribuicd very substaniially to Middlc 

and Latc Crcraccous stracigrapluc zonation 

(Foreman 1971, 1975; Schaaf 1981) and for a 

predominanriy taxonomie snidy by Empson- 

Morin (1981). Lare Creraceous radiolarian strati- 

graphy in the Eastern Atlantic has been aided by 

the Deep Sea Drilling Project (Petrushevskaya &C 

Kozlova 1972; Foreman 1978b) DSDP 

sequences drilled in the eastern Atlantic provided 

information on radiolarian stratigraphy in that 

région (Foreman 1978b; Basov et aL 1979, for 

the Early Cneiaceotis). Foreman (1977) summa- 

rised occurrences in the Atlantic Océan and îrs 

borderlands, and refined the Late Cretaeeous 

zonation of that région. 

DSDP cotes hom the eastern Indian Océan pro¬ 

vided the basis for rhe description of three strati- 

graphically significant assemblages in rhe Middle 

and Latc Crctaceous (Renz 1974). Moderately 

preserved Late Cretaccous radiolarians are recor- 

ded in Indian Late Cretaceous phosphatic 

nodules by Garg & Jain (in press). 

America, Atnong some of the carliest wttrks 

conducted in North America onc can cite: Bolin 

1956; Campbell & Qark 1944; Crandell 1952; 

Eichcr 1960; Foreman 1966; Coke 1959; Hindc 

1894; Nauss 1947; Payne 1962; Ransome 1894; 

Riedel & Schlocker 1956; Kuhev 1929; Rüst 

1892, 1898; Searighi 1938; Tyrrell 1890; 

Woodward &L Thomas 1885, 1895; and for 

South America: Galavis 1951; Richter 1925; 

Staiïiforch 1948; Thalman 1946; and for 

Caribbean: Ayala-Castanares 1959; Bronnimann 

iîc Rigassi 1963; Foreman 1966; Palmer 1934; 

Pessagno 1960, 1962, 1963; Vermunt 1937. Ehc 

circunt-Pacific région is represenred by descrip¬ 

tions of radiolarian assemblages from rhe 

Cenomanian of California (Pessagno 1971a) and 

of Costa Rica (Schmidt-Effing 1980), 

Radiolarians are recorded in Campanian linies- 

tones of Puerto Rico (Pessagno I963)> and as 

pyritized skcletons in the Late Cretaceous of 

Venezuela (Galavis 1951). Also, in rhe Caribbean 

région, the Deep Sea Drilling Project has provi¬ 

ded data on Late Cretaceous radiolarian srrarigra- 

phy (Sanfilippo 6i Riedel 1976). Mid- 

CretaceoiKs radiolarians were rep<irred hy 

Basarovski (1991) from Central America (Cuba). 

Fmr North America, ihc earlicsi record of 

Cretaccous radiolarians is from the l^icrrc shaJe of 

Manitoba, by Rüst (1892, 1898). Occurrences ot 

Albian and Campanian r.idiolari,ins in Alberta 

were recorded by Wall (1975). C'.impbcll Clark 

(1944) described a diverse C'ampanian as.sernbla- 

ge from California, and a sparse Franciscan 

,^ssemblage w:is rectirded by Riedel & Schlocker 

(1956). Californian assemblages were exploited to 

greater stratigraphie advantage by Foreman 

(1968) and Pessagno (1970, 1971a, 1972, 1973 

and 1976). The paper last cited establi&hcd cîght 

Latc Cretaccous radiolarian zones in California, 

and described a subsrantial number of new taxa. 

Pessagno (1977bj proposed a Berriiisian 10 Albian 

zonation and a large number of new taxa on the 
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basis of assemblages from calcareous nodules 

from a numbcr ot Californian localities. 

E Asîa (Japan, Indonesia, Far £ast Russia). 

Tbe fîrst investigation of Early Crcraceous radio¬ 

larians in the circum-Pacific belt was conducced 

by Hinde (1900), wbo investigated ihem in 

numerous samples of cberts, maris and limes- 

tones from Central Bornéo. From die Creraceous 

chalks on the Indoncsian island of Rotti,.Tan Sin 

Hok (1927) dcscribcd a diverse, well-preserved 

assemblage that is now believed to be between 

Albian and furonian in âge (RJedel & Sanfilippo 

1974).- Nakaseko et al. (1979b) distingtiished a 

numbcr of scratigraphically significant assem¬ 

blages through the Cretaceous and Palaeogene of 

Japan, and compared rhem with /onal sebemes 

developed for deep-sea séquences. A more recent 

compilation of the stracigraphy of Japanese 

Middle and Late Cretaceous radiolarians, defi- 

ning zones and a numbcr of new taxa, was pro- 

duced by Taketani (1982). 

Dcscriptiojîs of radiolarian assemblages from the 

Cenomanian of Sakhalin include Kazintsova 

(1981). vVmong others, the follovving works werc 

publishcd: Aliev 1961a, b, 1965; Dundo & 

Zhamoida 1963; Hudson étal. 1954; Karitskii 

1889; Khabakov 1932. 1937; Khudyaev 1931; 

Koziova & Gorbovets 1966; Lipman 1952, 

1960; Minermaier 1896; Nakaseko et al. 1965; 

Rao 1932; Vassoevich 1938. From Ausrralia and 

New Zealand publications include: Crespin 

1946, I960; Dun étal. 1901; Etheiidgc ôd Dun 

1902; Hinde 1893; Foreman 1966. From 

Indonesia: Brouwer 1921; Foreman 1966; Tan 

1927; Voglcr 1941. Berria.sian blocks in a 

Turonian chert matrix yield well-preserv'cd radio¬ 

larians from Tibet (Wu & Li 1982), and Dundo 

& Zhamoida (1963) investigated Valanginian 

radiolarians în siliccous volcanogenic rocks from 

the Far-Eastern USSR. 

Nakagawa & Nakaseko (1977) listed and Ülus- 

rrated radiolarians from a Jurassic and an Early 

Cretaceous locality in Japan. A Late Cretaceous 

radiolarian occurrence in manganèse carbonate 

ore in Japan is described by Yao (1979). 

Europe (excluding the Riissiari platform) 

As is the case for the Jurassic, mosc of the initial 

research on Early Cretaceous radiolarians was 

based on European matcrial but today current 

investigaiious arc more widely dispersed. 

Coproliies and siliceous limestones from Zilli  

(Saxony) aitd Gardenazza (norchern Italy) provi- 

ded most of the Early Cretaceous forms descri¬ 

bed by Rüst in his paper of 1888, and ten years 

lacer he added forms from the clierc)' limestones 

of Cictiglio in northern Icaly (Rüst 1898; see also 

Parona 1890). Fischli (1916) illustrated a diverse 

faunal assemblage from flints in a Swiss conglo- 

meraie. Sollas (1873) menrioned radiolarians in 

coprolites from the Cambridge Greensand and, 

30 m belüw, in the Gaulr Clay from 

Bedfordshire (UK). Quaterly Jourual of the 

Geologîcal Soaety (p, 78)) and Grimes (1895: 

345) described cwo species from the Power 

Greensand of Surrey (UK). In 1883, Wallich 

rccorded the présence of four généra of ntdiola- 

rians in the cavities of hollow cherts from Surrey 

(UK). Fritsch (1893) recorded the presence of 

eleven species in marly beds of Prisen (Senonian) 

from Bohemia, and Deecke (1894) some radiola¬ 

rians in chalks flints' at Rügen. HUI & 

Jukes-Browne (1895) menrioned the présence of 

radiolarians in chalks of the Melbourne Rock 

(UK). Cayeux (1897) menrioned rwenty-seven 

généra and described numerous species of 

Turonian radiolarians from SE, N and NW of 

the Paris Basin (France) and from smectitc du 

Hevre (Belgium). Holmes (1900) recorded rwen- 

ry généra and forty-one specie.s from the chalk in 

Surrey (UK). Zirrel (1876) described the firsr 

Cretaceous radiolarians from northern Germany, 

in spire of a poorly preserved fauna. Tethyan 

radiolarian assemblages of Middle Cretaceous âge 

bave been described by Squinabol (1914) frotn 

the Veneto région of Iraly. Ravn G. (before 1911) 

menrioned the presence of Upper Cretaceous 

radiolarians in Arnager limestones (Island of 

Bornholm, Uenmark). 

Over the décades, Cretaceous radiolarians bave 

been described from scatlered localities 

(Andrusov 1950; Anonymous 1959; Colom 

1954; Corti 1896. CusTodis & Schmidt-Tbomé 

1939; Deccke 1895; Elberc 1902; Fric 1893; 

Furrer 1951: Grimes 1895: Heitzer 1930; Hill  

1912; Hill  Ôc Jukes-Brown 1895; Flolmcs 1900; 

Jodot 1931; Lombard & Schrôder 1939; Neviani 

1900, 1901; Pantanelli 1880, 1887, 1889; 
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Parona 1890; Pcrner 1891; Prorescu 1933; Rüst 

1887, Squiiiabol 1903, 1904, 1914; Sujkovvski 

1931; Vasicck 1947; Vinassa 1901; Vinassa 

1900; Wallich 1883; Werzcl 1933, 1961). In the 

1960 s évidence accumulated loi*  an abrupt evo- 

lutionary change at or near the Crctaccous/ 

Palaeoccnc boundar)' (Lipman 1952; Foremao 

1968), and conscqucntly, large numbers of new 

Crctaccous gênera and scvcral nevv fatnilies hâve 

been described (â.g. hy Cita 1965; Foreman 

1966, 1968; Dumitrica 1970; Herm 1962; 

Empson-Morin 1981). 

Baumgartner cr al. (1980) proposed a prelimina- 

ry strarigraphy based on a number ot'widely scat- 

tered radiolarian assemblages (rom the leihyan 

region. Boyanov &L Lipman (1973) were able to 

use a poorly prescn^cd radiolarian assemblage to 

détermine chc Early Crctaccous age ol Bulgarian 

siliceous shalcs prcviously considered to be 

Palaeozoic. and Lozynyak (1969) retorded 

assemblages of tbis âge Irom the Ukrainian 

Carpathians. In the Kiunet.sk area ol the Russian 

Platform, Lipman (1952) recorded nunierous 

radiolarian taxa in sampics f’rom drillcd wclls. 

Goltman (1971, 1975) recorded occurrences in 

limestones and maris of the Tadjiksk Dépréssion, 

culminaring in a usefiil stratigraphie compilation 

(Goltman 1981). Lipman (1960) described 

numerou.s’ assemhlagc.s of Coniacian co Danian 

age in wells and surface exposures of the Western 

Siberian Lowland, and Kozlova Gorbovets 

(1966) described charactcrisric complexes for ihc 

Turonian to CJampanian deposits of that region. 

Tethyan radiolarian assemblages ol Middlc 

Cretaceous age bave been described by Kozlova 

in Basov er ai (1979) Irom a DSDP Site ofl 

Spain, and by Dumitrica (1970, 1975) from 

Romanian maris and radiolarite. 

In spire of the abundance ol work published 

during the cwo last décades, most of them deal 

with the Tethyan realm and alraost no significant 

papers consider the crue Boréal realm. No well 

preserved Boréal or sub-Boréal faunas arc descri¬ 

bed in the licerature. Some specics are only recor¬ 

ded rarely from very isolated localities and 

thereldre therc is no available danim to use in 

confidence for the Boréal province and we hâve 

chosen co omit such darums from the Cretaceous 

chart. Biostratigraphic data exists in a sériés of 

papens among whicFi the most significant arc Jud 

(1994) for the zones in Early Cretaceous. 

Erbacher (1994) and O'Dogherty (1994) for the 

middie part o^ Cretaceous, Sanfilippo & Riedel 

(1985) and Kholdova et ai (1994) for rhe Late 

Crctaccous together with LJrquhart (1994) and 

Bragin (1995) for rhe Late Cretaceous ol Cyprus. 

By the Late Cretaceous, the Tethyan environ¬ 

ment for rhe accumulation of radiolarian sedi- 

ments had pracrically disappeared, and a 

Palaeogene pattern was developîng. The tmly 

.substantial occurrences in the Mcdiccrranean 

région arc in the north Iralian Euganei 

(Squinabol 1903, 1904)? and in Greece (De 

Wever & Thiebauh 1981). There are significant 

records in Senonian and Turonian shalcs of 

Czechoslovakia (Berner 1891), in Camf>anian 

chalks of northern Germany (Zittel 1876) and in 

France and Belgian Campanian silicified lime¬ 

stones (Cayeux 1897). 

Danian-Bai.aeockne 

Publications dcalîng with this rime period are 

not numeroiis. Literature recording occurrences 

from Asia includes the following work: Hollis 

1991; Vishnevskaya 1981-1 988c; Basov &: 

Vishnevskava 1995; Irom the Atlantic realm; 

Sairo et ai 1%6; From the Hast Indie.s: Reinhard 

& Wenk 1951; from Europe: Anonymou.s 1959; 

Srocsche & Uilrermann 1940; Twerenbold 1955; 

Borisenko 1958, 1960, Kozlova 1993 and from 

North .\merica: Frizzell ik Middour 1951. 

RADIOLARIAN  STUDIES FROM 

THE RUSSIAN EUROPEAN PLATFORM 

KImdjaev 1. E. (1931) in a paper entitled ‘‘On 

the Radiolaria in the phosphates in the region of 

the Syssola River” described forty-nine species, 

belonging to len généra, where rwcnty-cight spe- 

cies were determincd as new. They are 

Cenosphaera komtemh n..spM C. syssolae n.sp., 

C sp inder. Nl^ C sp. indet. N2, Gnposphaera 

ajfinioidfs n.sp., Lithapium luprasphiosum n.sp., 

Lithocyclia ovalh n.sp., Porodiscus sp. indet. NI, 

P. sp. indet. N2, Cornutanna ovalis n.sp., 

Dicolocapsa trUpczoidalh ii.sp., D. sp. indet. NI, 

D. sp. indet. N2, Tricolocapsa multlpora n.sp., 
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Phonnoctimpe favosa n.sp., Dictyomitm muhipom 

n.sp., D. spicularia n.sp.» D. biporosa n.sp., 

Lithocampe syssoluetisis n.sp., /.. sp. indec. NI, 

L. sp. indet. N2, Cyrtocapsn rusii n.sp., Sticho- 

capsa chabiikovi n.sp., S. regukris n.sp., S. qua- 

dripora n.sp., S. kassini n.sp., S. zyrjanica n.sp. 

and S. wisingiaua n.sp. 

Kliabakov (1937) in his paper “Radiolarians 

from Lowcr Cretaccous and Upper Jurassic phos- 

phorites of Vjatka and Kama River Basins" des- 

cribed nincteen généra and seventy-five species of 

radiolarians. 

Lipman (1952) in her monograph “Materials on 

monographie srudy o( Upper CrecaceoUiî radiola- 

rians from the Russian platform” described forty- 

eight radiolarian spccics, whcre thirty-cight were 

described as new species, They are: Cmosphaem 

minor n.sp., C marnwilaîa n.sp.* Cenelilpsi  ̂elUp- 

tica n.sp., Xiphosphaera irregularis n.sp., 

Cromyodruppa comenmea n.sp., Cenodheus Icns 

n.sp., Spongopntnum craisum n.sp., S. angiumm 

n.sp., S. amcHlatiim n.sp,, Trochodhem spimger 

n.sp., Triacticiis triacuminatm n sp., Porodtscus 

vulgaris n.sp., Stilodtctya deltcatiiU n.sp., 5. pU- 

centalu n.sp., Tripodictya triaciiminata n.sp., 

Euchitonia santonica n.sp., Hagiastrum cmx n.sp., 

Fig. 2. — Location map of sites reported by Khudyaev {1931 ) in published investigations of Oust-Sysolk région (20°-21 “E, 30"'N). 
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Histiastrum crucifcnim n.sp., H. aster a.sp., AJiev & Smirnova (1969) in their paper *‘New 

H. membramferum n.sp., H. megulare n.sp., specics of radiolarians from yVlbian of Central 

Tesserastrum quadratmn n.sp.. RhopaListrum tri- areas of ihc Russian plaiform" described from 

gonale n.sp., R. tumiduni n.sp., R ingens n.sp,, Upper Albian (40 m rhick) clay, wirh Albian 

R atteniiatnm n.sp,, Spangodücm impresstts n.sp., foraminiferas of the Vladimir district, six new 

Spongodisais dtrus n.sp,. S, maximits iMsp., S, vol- species: Porodiscus kavilkinensis Aliev n.sp., 

gensis n.sp., Spangotripus aciileatus n.sp., P. injlatns Smirnova et Aliev n.sp,, Sethocyrtis 

Stylotrochus hexacanthus n.sp., S. dolichacanthus mosquensis Smirnova et Aliev n.sp., Theocanipe 

n.sp., S. actacanthus n.sp., Lithostrobus turritella cylindrica Smirnova Aliev n.sp., 'L simplex 

n.sp., Dictyomimi scakrts n.sp., D. gigantea n.sp., Smirnova et Aliev n.sp., Stichocampe cuneatus 

D. striata n.sp. AU species derived from Smirnova et Aliev n.sp. and one subspecies 

Santonian-Campanian clay of Penza région. DscVyomitra ferosia Aliev subsp. angusta Smirnova 

Fig. 3. — Location map of sites (drill holes -1* and outerops -2-) reported by Koziova (1994) in published investigations of Pechora 
(48°-60®E, 64°-69°N). 
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sub.n.sp. A number of forms firom the Ukrainian 

Carpathians are described by Lozynyak (1969, 

1975), and oiher forms from Azerbaidzhan are 

described in a sériés of papcrs by Aliev (1961a, b, 

1965, 1969a, b) on Valanginian, Aptian, Albian 

and Cenomanian assemblages in which many of 

the radiolarians are calcitized. 

Koziova (1971) in her paper "About finding of 

radiolarians in the lower Kimmeridgian strata of 

the Timan-UraJs région" reported the radiolarian 

assemblage from whitc mari strata of U) cm thick 

with the ammonites Amoebocems kitchini Salf, 

Riisenia cf. irimem Opp. The assemblage inclu- 

ded sev'eniecn spccics, where five species were 

new; Stylo.sphaera ? aspcralla Koziova n.sp., 

Sïaurodiciya reima Koziova n.sp., Hagiastnm 

cmssum Koziova n.sp., //. stpiama Koziova n,.sp., 

Spirema ? >pbiierka Koziova n.sp. Sheempha.size<l 

that these ncwly discovered assemblages are simi- 

lar to the Lower Creiviceoiis assemblages from 

Vjarka anil Kama River Basins, prcvîoiLsly descri¬ 

bed (Khudjaev 1931; Khabakov 1937). 

A paper by Koziova (1973) “New specics from 

lower Kirnmeridgian of the Timan-Urals région” 

gave the description of ;dl new specics listed in 

hcr previous paper (Koziova 1971). Poorly- 

preseiv'cd Albian radiolarians from the Dnieper- 

Don Basin were reported by Gorbunov (1979). 

Koziova (1983) in her paper “Late Volgîan radio¬ 

larians of USSR North*^ recognized three radiola¬ 

rian assemblages: lower Kimmeridgian CmcelLt 

rwrÆ, Volgian Stichopilidium planocephûla, 

Berriasian HemkrypUicapui satymica and descri¬ 

bed 5. pLxnocepbüLx n.sp. 

Koziova (1994) in a paper entided "Assemblages 

of Mesozoic radiolarians from the Timan- 

Pechora oil-heanng région" describes précisé cha- 

racteristics of four radiolarian assemblages: lower 

Kimmeridgian Cruadla crassay middie Volgian 

Parvicingula papulata, upper Volgian Pseudocro- 

lanturn planovephala and upper Beiriasian-lower 

Valanginian Hemicryptocapsa salymica-, whicb 

werc paicly described in her previous papers 

(Koziova 1973. 1976). About rwelve species were 

illusrrated as new in rhis paper. Visltnevskaya 

(1993) in a paper "Jurassic and Crctaccous radio¬ 

larian biositaiigraphy in che USSR" illusirated 

rwelve species frorn Coniacian-Saiitonian strata 

from the Moscow district. 

Bragina (1994) in her paper "Upper Creraceous 

radiolarians and stratigraphy of Khotkovo 

Group, Moscow région" studied radiolarians in 

four sections and proposed rwo biostratigraphic 

Linit.s: Coniacian (?) - Campaiiian [Archneo- 

spongo-prumon bipartitum-Crucella irwmi) and 

Campanian {Archacospongoprtinum htieyi- 

A, ialurfiï), She counted more than 50% of 

Californian species among these Russian plate 

a.ssemblages. 

Vishnevskaya (1996) in a paper “Peri-Tethyan 

radiolarians and their implications” illustrated 

eighteen species from Albian-Sanronian of the 

Moscow, Kaluga and Brjansk areas. 

CONCLUSION 

rhe improvement of a taxonomie System for 

Mesozoic radiolarians is hampered by a general 

lack of well-preserved specimen.s from well orga- 

nised .scquences whicb are needed to develop the 

basis for a reliable hyporhe-sis of evolutionary 

links. Thk bas represenred an important facror 

in the approach choscii by some authors {e.g. 

Fessagno 1969a, b, 1971a, 1977b: Empson- 

Morin 1981, 1982; Kozur & Mostler 1972- 

1989) who produced a highly-splir taxonomie 

hierarchy indicacing ail observed morphological 

characters, A highly-divided taxonomy is useful 

for the rccognirion ofslight morphological varia¬ 

tions which may eventually bc Loinprchended as 

expression of paleoenvironmerual conditions. 

This does not necessarily, however, advance the 

general aim of a taxonomy which considers phy- 

letic reJationships, and it often results in species 

which are too narrowly delimited to be broadly 

stiitablc for stratigraphie purpose.s. Kowever. cor¬ 

rélations are a primary phase in the move 

towards settling the succession of species on 

which a narural clas-slficaiion can be based. 

Fulfilment of these aim.s would allow a betrer 

appréciation of the paleobiodiversity of these 

organisais and provide a useful rool for measur- 

inggeological time. 
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Table 2. — Publications on Mesozoic radiolarians, with indications of the localities, involved âges and main topic (except publications 
dealing with European part of the former Soviet Union, see table 1). 
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Cret. DSDP7 Forwman H. P. 1971 

Mzc Cret. Strati Taxon. DSDP20 Foreman R P. 1973b 

Cret. Czc Taxon. Evolu. Dumftnca P. 1985 

Pzc-Czc Taxon. Dumitrica P. 1984 

Technic. SEM Taxon. De Wever P. 1980 

Mzc Evolu. Biol. Doderline L. 1887 

Pzc-Czc Gener. Taxon. Dumitrica P. 1979 

Pzc Mzc General Taxon. Forernan H P, 8 Riedel W. R. 1972 

Cret.-Czc Taxon. Strati DSDP10 Foreman H. P. 1973â 

Taxon. Cordey F et ai 1988 

Czc Mzc? DSDP1 Ewing M. et ai 1969 

Mzc Czc Taxon. Gener. Deflandre-Rigaud M-1969 

Africa Algeria Cret. Alb.'Cenom. Magné J. & Sigal J. 1953 

Amer. N.England, Austral. California Pzc Mzc Biake M. C. Jr & Murchey B.L. 1988 
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Amer.C. Mzc Taxon. DSDP Pessagno E. A. Jr & Longoria T. J. F. 1973 

Amer.C. Earl.Cret. Mzc Alcocer V. M. D. 1960 

Amer.C. Calif. Mexico (B. California) LTr. Strati Taxon. Pessagno E. A. Jr et al. 1979 

Amer.C. Carib. Bahama Mzc DSDP1 Pessagno E. A. Jr 1969 

Amer.C. Carib. Cuba Mzc Vishnevskaya V. S. étal. 1982 

Amer.C. Carib Venezuela Jur.-Cret. Strati Ophioi. 8eck C. et al 19S4 

Amer.C. C. Rica, Teihys. Greece. Italy L.Jur.-Earl.Cret DSDP DevosI 1903 

Amer.C. Costa Ricaindian Jur.-Cret. DSDP Taxon. Strati Orlglia-Devos 1 1983 

Tethys Greece Italy (Siolly) 

Amer.C Costa Rica, Earl.-Mid.Jur. Strati Taxon. De Wever P et al. 1985a 

Amer.C. Costa Rica 

Amer.C. Costa Rica 

Strati OphiûL Bourgois J. étal 1982 

Wildberg H. efaM982 

Amer.C Costa Rica Nicoya Strati Ophioi. Radt Schmidt-Effing R. 1980 

Amer.C. Costa Rica Nîcoya Jur.-Cret. Strati Ophioi. Schmidî'Eriing R_ 1979 

Amer.C. Costa Rica Nicoya Cret. Strati Scrimidt-Eftmg R, étal. 1980 

Amer.C. Costa Rica Nicoya Cret. Strati Radl Schmidt-Effing R. 1980 

Amer.C. Costa Rca. Nicoya Radt Ophiot. Sedim. Gursky H.-J, & Schmidt-Effing R. 1983 

Amer.C. Costa Rica Nicoya Jur-Cret. Radt Ophioi. Stainherg E. 1908 

Amer.C. Costa Rica Nicoya M.-Cret. Strati Sctunidt-Etfing R. 1980 

Amer.C. Costa Rica Ncoya Mzc Ophioi. Gursky H.-J. 1988 

Amer.C. Costa Rica NW. Nicoya. Jur.-Cret. Strati Sedim. Gursky H -J Qlai 1982 

Amer.C. Cuba. Campan. Strati Florez Albin E. 1980 

Amer.C. E.Mexico, Tithonian Taxon. Yang Q & Pessagno E. A. 1989 

Amer.C. Puerto Rico Jur.-E.Cret. Taxon. Strati Mattson P- H. & Pessagno E. A. Jr 1979 

Amer.C. Tethys Jur.-Cret. Radt De Wsvor P. et al 1986a 

Amer.C. W.Atlant. Blake Bahama M.Jur. Yamamoto H. étal. 1985 

Amer.N. Jur. Taxon. Pessagno E A. Jr et al. 1989 

Amer.N. Tr. Biozon. Taxon. Strati Blome C, D. I9a4b 

Amer.N. Jur. Strati Zones Pessagno E. A. Jr étal. 1987 

Amer.N. Mzc Taxon. Strati Gener. Campbell A, S. & Moore R. C. 1954 

Amer.N. Alaska Tr. Biostr. Biome C D. et al 1989 

Amer.N. Alaska. USA Earl.Mzc Paleogeog. Envir. filome C. D. 1987 

Amer.N. Calif. Franciscan Jur.-Cret. Strati Davis E- F 1918 

Amer.N. Calif. ex-USSR Asia Japan Mzc Bioz. Vishnevskaya V. S. 1985 

Tethys Europe 

Amer.N. Calif. Jur.-Cret. Taxon. Pessagno E. A. Jr 1973 

Amer.N. Calif. Cret. 

L.Maastrichtian 

Taxon. Strati Foreman H. P. 1968 

Amer.N. Calif. L.Jur. Ophioi. McLaughIln R. J. & Pessagno E. A. Jr 1978 

Amer.N. Calif. Czc Mzc? Sedim. HindeG. J t894 

Amer.N. Calif. Tr.-Cret. Taxon. Pessagno E. A. Jr 1977c 

Amer.N- Calif. LCret. Taxon. Pessagno E. A. Jr 1971a 

Amer.N. Calif. Jur.-Cret. Taxon. Pessagno E. A. Jr 1971b 

Carib. Bla.-Bahama Gr.Valley 

Amer.N. Calif. Coast Ranges L.Jur.-Cret. Strati Taxon. Pessagno E. A. Jr 1977a 

Amer.N. Calif. Franciscan 

Amer.N. Calit. Franciscan Gr.Valley 

Taxon. Riede* W, R. &  Schtocker J. 1956 

Seidera V M. étal. 1979 

Amer.N- Caüt. Fransclscan Jur. Radt Ophioi. Strati Lithol. Murcliey B. 1984 

Amer.N, CartI. Gr.Valley Blake-Bahama Cret. Taxon. Pessagno E A Jr 1972 

Amer.N. Calif. Gr. Valley California L.Cret. Strati Taxon Pessagno £. A. Jr 1976 

Amer.N Calif. Gr.Valley Franciscan Ë.Cret. Strati Taxon. Pessagno E A. Jr 1977b 

Amer.N. Calit. Great Valley L.Cret. Taxon. Pessagno E. A. Jn970 
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Amer.N. Calif. Klamaîh Perin.-Tr. N.Sp. Paleoenvir. Noble P. & Renne P. R. 1988 

Amer.N. Calif. S.KIamath Strati Irwin W. P. étal. 1977 

Amer.N Calif. Teüiys Pzc-Czc Skelet. De WeverP-1986 

Europe (Italy. Spam. France) 

Amer.N California, M.-LJur. Taxon. Pessagno E. A. Jr & Blome C. D. 1982 

Amer.N. California LCret. Taxon. Campbell A. S. ik Clark B. L. 1944 

Amer.N. Canada (Br.Columb.) Devon.-Jur. Taxon. Cordey F. & De Wever P. 1988 

Amer.N Can. (Br Columb ) CacheCreek Jur. Strati CordeyF-fifaf 1987b 

Amer.N. Can. (Br.Columb.) CacheCreek Perm.-Jur. Strati Cordey F. et al. 1987a 

Amer.N. Canada Alberra Cret. Wall J H. 1975 

Amer.N. Canada Oueen Charlotte Tr. (L. Nor.) Carter E. S. 1988 

Amer.N Canada Oueen CharloHe Eari.-Mid.Jur. Biostr, Taxon. Carter F. S. étal. 1988 

Amer N Canada Queen CharioUe Earl.-Mid.Jur. Biostr. Taxon. Carter E- S 19B5 

Amer.N. Can. Oueen Charlotle (Kunga) L.Tr. Strati Carter E. S. et at. 1989 

Amer N Coiofado, Kansas Crel. Strati Taxon Bergstfesser T J î983 

Amer.N. E.AIaska L.Tr, NSG N.Sp. Robinson B E. 8 ^essagno E. A. Jr 1988 

Amer.N E Atlantic Europe Cret. Strati Taxon. Forernan H P. 1977 

Amer.N. E.Oregon (Blue-Mts E.Oregon) Pzc-Mzc Environ. Biostr. Blome C. D, étal 1986 

Amer N E.Oregon W ldaho. Tr.-Cret. Biogeo Ecolo. Taxon. Pessagno E A Jr & Blome C. D. 1986 

Amer.N. E-C.Oregon Lias.'Dog. Taxon Cladist. MacLeoci N. 1988 

Amer.N. East-C.Oregon Tr.-E.Jur. Taxon. Yoh K. Y. 1987 

Amer N. East-C.Oregon. Mzc YehK.-H 1989 

Amer.N. EasLC.Oregon. Tr. Yeh K.-Y 1988 

Amer N Europe E Atlantic Cret. Strati Taxon. Forernan H.-P. 1977 

Amer.N. NW.Nevada Jur.-Cret. Ophiol. Strati Sûsson M. et al. 1984 

Amer.N. Oregon L.Tr. Taxon. Strati Blome C.D. 1983 

Amer N Oregon British Columbia- L.Tr.-Jur. Taxon. Strati Pessagno E A, Jr & Blome C. D. 1980 

Amer.N. S.AIaska E.Oregon. Mid.Jur. (Callov.) Taxon. Strati Blome C.D, 1984a 

Amer.N SW Oregon Strati Mzc Carayon V étal. 1984 

Amer.N. SW.Oregon Klamath Tr. Strati Ophiol. Roure F & De Wever P. 1983 

Amer.N. USA Canada Jur. Taxon. Pessagno E A, Jr étal. 1986 

Amer.N. W.Cafii. L.Mzc Saiders V M. & Blome C. D. 1988 

Amer NW. Amer.N. Calif. L.Jur. Strati Pessagno E A. Jr étal. 1984 

Amer.S. Argenlina (Neuquén) Jur.-Cret. Biostr. Pujana 1. 1988 

Amer.S. Feuerland Cret. Richler M. 1925 

Amer.S. Tripoli (Chile) Czc Mzc Taxon. N.Sp. Strati FrenguelliJ 1941 

Asia Austral. Sedim. Kobayasht T. 1944 

Asia China Himalaya Tibet Gyangze Cret. WuH.-R.SLiH.S-ig82 

S.XIzang (Tibet) 

Asia China Himalaya Tibet Xizang 

Asia China Himalaya Tibet Yariung 

Cret. Wu Hao-ruo étal. 1977 

Wu Hao-ruo 1980 

Zangpo 

Asia China Japan Sikhote-Aiin Tr.-Jur. Kojima S. 1989 

Asia China S Tibet L.Jur.-E.Cret. Wu H. 1988 

Asia China S.XIzang Tr.-E.Jur. Taxon. Yigang W. & Yujing W. 1976 

Asia China S Xizang 

Asia China Sea 

Mzc? Plankton Wang Yujing & Sheng Jinzhang 1982 

TanZh,&Su X. 1982 

Asia China Tibet Himalaya Cret. Ophiol. Wu Hao-ruo 8 Wanming D. 1980 

Zangbo Xizang 

Asia China Tibet S.Xizang Cret. Cenom. Taxon. N.Sp. Wu H R. 1986 

Asia China Tibet Xizang Jur. E.Tithon. Taxon. U H. S. 1986 

Asia China Tibet Xizang E.Jur. (L.Pliensb) Li H. S. 1988 
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Asia China Xish Island Taxon. N.Sp. Xinghui S. 1982 

Asia China.E Strati Zhiyuan T. & Tsorun T. 1976 

Asia China.NE. Tr.-Jur. Kojima S. & Mizutani S. 1987 

Asia China.NE Tr.-Jur. Satoru K. & Mizutani S. 1987 

Asia ex-USSR Crimea Ecolo. TshedlaD, M. 1981 

Asia ex USSR E.Sakhalin Tr. Strati Bragin N. Ju. 1985 

Asia ex-USSR NW.Uzbek. Mzc? Averburg N. V. & Kestner F. F. 1973 

Asia Himalaya Tibet, Ladakh Mzc Eoc. Biostr. Strati Ophiol. Coichen M. étal 1987 

Asia India Ophiol. Gbosh S. efaf. 19B4 

Asia Indones. Bornéo Molukken Jur.-Cret. Tan Sln-Hok1927 

Asia Indones. Strati Taxon. Tan Sin Hok 1931 

Asia Japan Strati Ichikawa K. 1946 

Asia Japan Mzc? Pzc? Czc? Diagen. Silica NagaiaK. 1986 

Asia Japan L.Jur.-Cret. Taxon. Strati Nakaseko K. & Nishimura A. 1981 

Asia Japan L.Tr. Taxon. Strati Nakaselo K, & Nishimura A. 1980 

Asia Japan L.Jur. Taxon. Strati MatsuûkaA I984a 

Asia Japan Cret. Taxon. Strati Nakaseko K. e/a/ 1979a, b 

Asia Japan Sedim. Mélangé Strati Nakazawa K. étal. 1983b 

Asia Japan Gen.geol. Strati Nakaseko K. étal. 1983 

Asia Japan L.Tr.-E.Jur. Biostrl Igo H. 8 Nishimura H. 1984 

Asia Japan Jur. Zonation Strati Matsuoka A & Yao A. 1986 

Asia Japan Czc Mzc Kobayashi T & Kimura T. 1944a 

Asia Japan Jur.-Cret. Taxon. N.Sp. Ichikawa K_ & Yao A. 1976 

Asia Japan Mzc Strati Ichikawa K. 1986 

Asia Japan PzC'Czc Ichikawa K. 1953 

Asia Japan Permo-Tr. Evolu. Kobayashi T. & Kimura T. 1944b 

Asia Japan Mzc Mizutani S. 1987 

Asia Japan Tr.-Jur. Kido S. 1982 

Asia Japan Mzc Pzc Gener. Kimura T. 1944c 

Asia Japan Tr.-Cret. Sedim. Strati Matsuoka A. 1983b 

Asia Japan Perm.-Tr. Strati Koike T. étal. 1974 

Asia Japan Mzc? Czc Strati Nakaseko K. 1979b 

Asia Japan Czc Geol. Strati Nakaseko K. e/a/ 1979 

Asia Japan Lias. Strati Isozaki Y & Matsuda T. 1985 

Asia Japan Cret. Strati Correl. Nakaseko K. 1979 

Asia Japan Jur. Strati Taxon. IsozaktY état. 1981 

Asia Japan Tr.-Jur. Taxon. Yao A- & Ifihikawa K. 1969 

Asia Japan Jur.-Cret. Extinc. Taxon. Strati Matsuoka A. l9SÇa 

Asia Japan Jur. Biostr. Yao A. 1986 

Asia Japan Sugano K & Nakaseko K. 1970 

Asia Japan Jur. Environ. SunouchiH. étal. 1982 

Asia Japan Tr.-Jur. Strati Taxon. Yao A 1982b 

Asia Japan L.Cret-Czc Strati Nakaseko K. étal. 1965 

Asia Japan Kimura T. 1944a 

Asia Japan Jur. Taxon. Strati Mizutani S. ùtal 1984 

Asia Japan Jur.-Cret. Strati Fujimoto H. 1933b 

Asia Japan Cret. Murata M. étal. 1962 

Asia Japan Carboniferous-Jur. Strati Naka T. & Ishiga H. 1987 

Asia Japan Tr.-Jur. Silica Geoch. Kakuwa Y-1907 

Asia Japan Pzc-Mzc Strati KoiKe T S Takashima K. 1983 

Asia Japan History Sugano K. 1975 

Asia Japan Mzc Okimura Y. et al. 1986 
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Asiâ Japan Jur. Taxon. Strati Wakita K. 1982 

Asia Japan Strati Suzuki J. 1939 

Asia Japan Jur. Taxon. Evolu. Takemura A. S Nakaseko K. 1983 

Asia Japan Mzc Sedim. Sugano K. 1986 

Asia Japan Tr. Taxon. SalùT. étal. 1982 

Asia Japan Strati Plankton Takemura A 1980 

Asia Japan Jur. Sashrda K, étal. 19823 

Asia Japan E.Jur. SashidaK étal. 1986 

Asia Japan Tr.-Jur. Taxon. Salo T & Nlshizono-Y. 1983 

Asia Japan L.Cret. Geol. KurImotoC 1982 

Asia Japan 

Asia Japan Jur. Taxon. 

Sugano K. & Nakaseko K. 1968 

Takemura A & Nakaseko K. 1982b 

Asia Japan Jur. Taxon. Takemura A. & Nakaseko K. 1982a 

Asia Japan Jur. Strati Mâlsuoka A. 19853 

Asia Japan M.Jur. Yokota S SSanoH 1986 

Asia Japan Tr. Takashima K. & Koike T. 1982 

Asia Japan Jur. Taxon. Takemura A. 8 Nakaseko K. 1982c 

Asia Japan Jur. Taxon. Strati Matsuûka A. 19860 

Asia Japan Mzc Czc Strati Gen.geol. Takeshita T. 1982 

Asia Japan Taxon. Skelet. Evolu. Takemura A. & Nakaseko K. 1986 

Asia Japan (Shikoku) Tethys Italy Mid.Jur.-Earl.Cret. Biostr. Strati AilaY 1987 

Asia Japan Boso Chiba Czc? Mzc? Kanomata N. S Iwashita F. 1964 

Asia Japan Chichibu Taxon. Strati FujiinotoH. 1939 

Asia Japan Chichibu Mesozoic Strati MalsuoKa A. 1986b 

Asia Japan Chichibu Pzc-Mzc Gen.geol. Owada K SSakaY 1982 

Asia Japan Chichibu Kyushu Tr.-Jur. Biostr. SatoT étal. 1986 

Asia Japan E.Hokkaido Cret. Kimmami K. étal. 1983 

Asia Japan E.Shikoku Mzc Strati IshkJaK. 1986a. b 

Asia Japan Gifu Tr. Jur. Wakita K.&lsomiH, 1986 

Asia Japan Hidaka L.Cret. Iwala K. 8 Kato Y, 1986 

Asia Japan Hokkaido Strati Nagala K. 1982 

Asia Japan Hokkaido Jur.-E.Cret. Strati IshizuKa H et al. 1984 

Asia Japan Hokkaido Cret Strati Gen.geol. Takotani Y. 1982 

Asia Japan Hokkaido E.Cret. Strati Minoura N. étal. 1982 

Asia Japan Hokkaido Aptian Okada H. étal 1982 

Asia Japan Hokkaido Cret.-Czc Strati Nagata K. 1979 

Asia Japan Hokkaid 

(Mioc.-Quater.) 

Cret. Tajika J. & Iwata K, 1983 

Asia Japan Japan.C. L.Cret. lyota N, et ai 1984 

Asia Japan Kochi Jur. Biostr. Strati AitaY 1982 

Asia Japan Kyushu Mzc Nishizono Y et ai 1982 

Asia Japan Kyushu Mzc Sedim. Nishirono Y. & Muraia M. 1983 

Asia Japan Kyushu LJur. Tanaka H. étal. 1985 

Asia Japan N.Hokkaido E.Cret. Strati Igo H. et al. 1987 

Asia Japan N.Shimanto Cret. Okamura M. 1981 

Asia Japan N.Shimanto L.Cret. YamauchI M. 1982 

Asia Japan N.Shimanto Shikoku L.Jur.-Earl.Cret. Strati AokiT 1982 

Asia Japan Okinawa Cret. Taxon. Fujlta H. 1983 

Asia Japan Okinawa 

Asia Japan S.Shikoku Sedim. Gen.geol. 

Ujiie H. & Hashimolo Y. 1983 

YeharaS, T926 

Asia Japan Sakawa Tosa 

Asia Japan Sambagawa Jur. 

KImuraT 1944b 

Kobayashi T. 1941 
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Asia Japan SE.Kanto Czc? Mzc Taxon. Strati Ichikawa K. 1950 

Asia Japan Shikoku Mzc Nakagawa C. & Nakaseko K. 1977 

Asia Japan Shikoku L.Jur.-Cret. Strati Nakagawa C. efai 1980 

Asia Japan Shikoku Jur. Bioslr, Strati AltaY. 1985 

Asia Japan Shikoku Suyari K. & Kuwano Y. 1986 

Asia Japan Shikoku Jur. Taxon. Strati Matsuoka A. 1982a 

Asia Japan Shikoku Tr.-Jur. Taxon. Yehara S. 1927 

Asia Japan Shikoku Tr.-Jur. Strati Sedim. tshlda K. 1985 

Asia Japan Shikoku E.Cret. Okarnuia M. & Ulo H. 1982 

Asia Japan Shikoku Cret. OkamuraM, & Matsugi H. 1986 

Asia Japan Shikoku LCret. OKamurà M et ai 1982 

Asia Japan Shimanto Cret. Strati Aoki T S Tashiro M. 1982 

Asia Japan Shimanto Mzc Suyari K. 1986a.b 

Asia Japan Shimanto Shikoku Mzc Strati Suyari K. & Yamasaki T. 1988 

Asia Japan SW.Hokkaido Jur. Tecton. Ishiga H, & (shiyar»a D. 1987 

Asia Japan Tethys LJur.-Earl.Cret. AitaY.&Okada H. 1986 

Asia Japan. Tethys Europe ex-USSR Mzc Bioz. Vishnevskaya V. S. 1985 

Amer.N. Caltf. 

Asia Japan W.Shikoku. Chichibu Jur. Kashima N. 1986 

Asia Japan.C. Jur. Taxon. Strati Mizulani S. & Kido S. 1983 

Asia Japan.C. Tr. Radt Sedim. Sugisaki R et ai 1982 

Asia Japan.C. E.Cret. Wakita K, 1988 

Asia Japan.C. Otsuka T. 1986 

Asia Japan.C. Tr.-Jur. Taxon. Yao A- ef al 1980 

Asia Japan.C. E.Jur. Taxon. SashkJa K. 1988 

Asia Japan.C. L.Tr.-Earl.Jur. Biostr. Yoshida H 1986 

Asia Japan.C. M.Jur. Biozon. Biostr. Matsuoka A. 1988 

Asia Japan.C. Jur. Taxon. Strati MizutaniS. étal. 1982a 

Asia Japan.C. (Mino terr.) Jur. Mzc Strati Adachi M 1982 

Asia Japan.C. Fukui Jur. Hattort 1.1987 

Asia Japan.C. Fukui Lias.-Dog. HattOfil 1988 

Asia Japan.C. Gifu Mzc Sedim. Wakita K. & Okamura Y. 1982 

Asia Japan.C. Inuyama Lias. Taxon. Mon R. â Yao A. 1988 

Asia Japan.C. Inuyama Earl.Jur. Mon R. 1986 

Asia Japan.C. Kanto Cret. Htsada K.-l. eial 1986 

Asia Japan.C. Kanto Jur.-Cret. Hisada K,-l & Kishida Y. 1986 

Asia Japan.C. Mino Mzc Genesis Silica Radt Environ. Hattori 1, 1984 

Asia Japan.C. Sambagawa Sedim. Diagen. Huzimolo H- 1938 

Asia Japan.C. Perm.-Jur. KoJimaS. 1982 

Asia Japan.C. Tr. Taxon. Strati Mizulani S. et ai 1981b 

Asia Japan.C. L.Tr.-E.Jur. Strati Kishtda Y & Hisada K. 1985 

Asia Japan.C. M.Tr.-E.Jur. Taxon, Yao A. 1982a 

Asia Japan.C. Jur. Sedim. Radt WakiiaK. 1983 

Asia Japan.C. L.Jur.-Cret. Strati Yamamoto H 1983 

Asia Japan.C. Jur. Gen.geol. WakiiaK. 1983 

Asia Japan.C. Strati Kishida Y & Hisaoa K. 1986 

Asia Japan.C. Jur. Strati Mizulani S. et ai 1981a 

Asia Japan.C. Cret. Taxon. Sashida K et ai 1984 

Asia Japan.C. Mzc Sedim Taxon. Yoshimura M. et ai 1982 

Asia Japan.C. Tr.-Jur. Taxon. Yao A. 1972 

Asia Japan.C. Tr.-Jur. Taxon. Yao A, 1979 

Asia Japan.C. E.Tr. Taxon. Sashida K. 1983 
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Asia Japan.C. 

Asia Japan.C. 

Asia Japan.C. 

Asia Japan.C. 

Asia Japan C. 

AsiaJapan.N. Hokkaido 

Asia Japan.N. Hokkaido 

Asia Japan N. Hokkaido 

Asia Japan.N. NE.Hokkaido 

Asia Japan NE. 

Asia Japan.SW. 

Asia Japan.SW. 

Asia Japan.SW. 

Asia Japan SW. 

Asia Japan.SW. 

Asia Japan SW. 

Asia Japan.SW. 

Asia Japan.SW. 

Asia Japan.SW. 

Asia Japan.SW. 

Asia Japan.SW. 

Asia Japan.SW. 

Asia Japan.SW, 

Asia Japan.SW. 

Asia Japan.SW. 

Asta Japan.SW. 

Asia Japan.SW. 

Asia Japan.SW. 

Asia Japan.SW. 

Asia Japan.SW. 

Asia Japan.SW. 

Asia Japan.SW. 

Asia Japan.SW. 

Asia Japan.SW. E.Shikoku 

Asia Japan.SW- Kii  

Asia Japan.SW. Shikoku 

Asia Japan.SW. Shikoku 

Asia Japan.SW. Shikoku Awaji 

Asia Japan.SW. Shikoku 

Asia Pacif. Indones. C.Celebes 

Allant. 

Allant. 

Allant. 

Allant. 

Allant. Carib. (Bahamas) 

Allant. Carib. (La Desirade, Les Antilles) 

Allant. Europe 

AUanl. Europe N.Sea. 

Allant.C. Carib. Barbados 

Altanl.NE. (off Africa) 

AHanl.SE 

Atlantic NE.Méditer. 

Tr.-Jur. Taxon. Strati 

Cret. Taxon. Strati 

Strati 

Jur. Strati 

LTr.-Mid.Jur. Strati Tecto. 

L.Jur.-E.Cret. Taxon. N.Sp. 

L.Jur. Ophioi. 

E.Cret. 

Jur.-Cret. 

Mzc 

Perm.-Tr. 

Tr.-Jur, Taxon. 

Jur. 

Tr.-Jur. Taxon. 

Mesozoic Strati 

LJur. Taxon. Strati 

Jur. Strati 

L.Tr.-Eari.Jur. Biostr 

Jur.(Dog.) Strati 

Tr.-Jur. Taxon. 

Strati 

Perm. Envir, 

Mzc Envir, Radt 

M.Jur. Taxon. Strati 

L.Tr. Taxon. N.Sp. 

Tr.-Jur, Strati 

Permian 

Tr. Taxon. Strati 

Tr.-Jur. Strati 

Mid,L.Jur. Taxon Strati 

Jur. Strati 

Cret. Envir, 

Mzc Strati 

Gen.geol. 

Cret. Taxon. Strati 

L.Jur, Taxon. Strati 

M.L.Jur. Strati 

Czc Mzc 

Tr.-Jur. Strati 

Mzc 

Taxon. DSDP 

Cret. Biostr. 

M.Cret. Sedim. Gen.geol. Strati 

Czc Mzc Taxon. 

Mid.Jur.-Earl.Cret Strati 

Earl.Cret. 

L.Jur -E.Cret. Review Biostr. 

Mzc 

Cret, DSDP41 

Cret. DSDP40 Taxon. Strati 

Cret.Quatern. DSDP13Taxon. Strati 

Mizulani S. S Koike T. 1982 

IwasakiT. étal. 1984 

KtdoS 

MizutantS. 1981 

Hattori I. & Yoshimura M. 1983 

Kawabata K. 1988 

IshizukaH étal, 1983 

Kame Y. et ai 1981 

Iwaia K. eral. 19S3a,b 

Matsuoka A. 1987 

Ishiga H. â Kusu T. 1986 

Yao A- étal- 1982 

SakaY 1983 

Yao A. 1983 

Nakdseko K. 1381 

Maisuoka A. & Yao A. 1985 

MatsuoKa A. 1984b 

Hori R. 1988 

ImolQ N -et al 1982 

Yao A. 1981 

Ichikawa K. el al. 1985 

ImoloN t984a 

Imoiû N. 1984b 

Matsuoka A. 1985b 

Nakaaehû K. & Nishimura A. 1979 

Kishida Y, iSi Sugano K. 1982 

IsozakI Y. 1986 

ISDzaki Y Matsuda T. 1980 

Malsuda T. & IsozakI Y. 1982 

Matsuoka A 1982b 

Hayasaka Y étal, 1983 

Nbkazawa K. et al, 1983a 

Karnoii M & Takelomi H. 1982 

Yanai S. 1983. 

Matsuyania H et al. 1982 

Matsuoka A. 1986d 

MalsuokciA. 1983a 

YamafiaMT, 1987 

IshidaK. 1983 

HindeG J. I917 

Rieoel W.-R, 1971a 

Cita M B- e/a/. 1970 

SchaatA. 1985 

Ehrenberg C. G. 1854 

Baumgartnor P O 1983 
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LOCATION AGE TOPIC AUTHOR 

Atlantic E. Europe Amer.N. Cret. Strati Taxon. Foreman H. P. 1977 

Austral. Indones. New Guinea Strati Crespin !. 1958 

Canada (Queen-Charl.) Lias. Dog. Taxon, Pessagno E. A Jr& Whalen P. A. 1982 

Calif. E-C.Oregon 

DSOP16 Mzc-Czc Strati Dinkelman M. G. 1973 

Europe Amer.N. E.Atiantic Cret. Strati Taxon. Foreman H. P. 1977 

Europe C. Roland Cret. Morphol. GorkaH. 1988 

Europe E.Atiantic Amer.N. Cret. Strati Taxon. Foreman H. P. 1977 

Europe England (Kimmeridge) Jur. (Kimm.) Boréal Downie C. 1956 

Europe France (Ardèche) Late Tithon. Taxon, Cayeux L. 1896 

Europe France (Larzac) Mzc Bergounioux F. M. 1950 

Europe France (Pans Basin.) Belgium Mzc Chalk Sedim. Cayeux L. 1897 

Europe Italy Sicily M.Jur. Kilo el ai 1990 

Europe Mzc Taxon, Evolu. Strat. Techn. De Wovor P.. Riedel W. étal. 1979b 

Europe N,France Jur. (Oxf.), Eoc. Cayeux L. 1891 

Europe N.Germany Cret. Taxon. Ziltel K A- 1876 

Europe Roland Krakau L.Jur. Wlsniowskt T. 1889 

Europe Slovak. Czcek. Tr.-Jur. Ophiol. Radt Dumilrica P & Meilo J. 1982 

(Meliata, Silica, Slovak Karst) 

Europe Turkey Lias. Taxon. Pessagno E. A. Jr & Poisson A. 1981 

ex-USSR Mzc Czc? Strati Zhamoida A-1,1975 

ex-USSR Mesozoic Strati Zhamoida A. 1.1972 

ex-USSR Pzc Mzc Taxon. AlanasievaM S 1986 

ex-USSR Mzc Strati Zhamoida A. 1. 1981 

ex-USSR Mesozoic Strati Zhamoida A. 1 1961 

ex-USSR Mzc Zhamoida A. 1. & Kazintsova L. 1981 

ex-USSR Cret. Biostr. Kazinisova L. 8 Vishnevskaya V. 1988 

ex-USSR Cret. Strati Rundyova N P. 8 Jinoridze N. 1975 

ex-USSR Cret.? Taxon. N.Sp. Strati Vishnevskaya V. S. 1985a 

ex-USSR Cret. Taxon. Strati Vishnevskaya V S. 1981b 

ex-USSR Cret. Cenom. Kazintsova L 1 1981 

ex-USSR Mzc Taxon. Skelet. Vishnevskaya V. S. 1981c 

ex-USSR Amer.N. Calif, Asia Japan, Mzc Bioz. Vishnevskaya V S. 1985 

Tethys Europe 

ex-USSR Carpath. Ukrain. Jur. Strati Lozynyak P. Yu. 1981 

ex-USSR Carpath. Ukrain. Cret. LozynyakP.Yu. 1975 

ex-USSR E. Sakhalin Mzc Strati Zhamoida A I 1968 

ex-USSR E.Sakhalin L.Cret. Kazintsova L. 1985 

ex-USSR E.Siber. Sikhote Alinj  Mzc Eliseeva V. K. étal. 1976 

ex-USSR Far East Cret. Taxon. Strati Vishnevskaya V S. 1981 a 

ex-USSR Greater & Lesser Caucasus 

ex-USSR Kamchatka 

ex-USSR Kamchatka Asia 

L.Jur.-Cret. Biostr. Vishnevskaya V. S. 1988a-c 

RijnevaN-P 1975 

Vishnevskaya V S. & Bernard V. V. 1986 

ex-USSR Kazakhstan Czc? Mzc? Strati Pupyshev N A 8 Lipman R. 1973 

ex-USSR Kodak Mzc Strati Bogdanov N A, étal. 1982 

ex-USSR Koryak Mzc Strati VishnevsKaya V. S. étal. 1981 

ex-USSR Koryaksk Valanginian Strati Dundo OPA Zhamoida A. 1.1963 

ex-USSR Lesser Caucasus Mzc Strati Zhamoida A 1 efa/. 1976 

ex-USSR Mid.Asia Mzc TshediaD. M, 1984 

ex-USSR N Pacif, Bering Polar M.L.Cret. Biozon. Strati Environ. Vishnevskaya V. S. 1986 

ex-USSR Olulor Cret.-Czc Strati Vishnevskaya V. S. 1984a, b 

ex-USSR Olyutor Koryak Cret. Vishnevskaya V. 5. 19B7a, b 
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LOCATION AGE TOPIC AUTHOR 

ex-USSR Russia Pzc-Mzc Gener. Lipman R. Kh. 1976 

ex-USSR Russia Mzc Evolu. Taxon. Lipman R. Kh. 1975b 

ex-USSR Russia Jur.-Cret. Strati Lipman R. Kh. 1979b 

ex-USSR Russia Paleogene-L.Cret. Strati Lipman R. Kh. 1975a 

ex-USSR Russia L.Cret. Taxon. Lipman R, Kh. 1952 

ex-USSR Russia Far East Mzc Lipman R. Kh. 1953 

ex-USSR Russia W.Siberian L.Cret. Lipman R. Kh. 1962 

Turgaisk N.Peri-Aral 

ex-USSR Sakalina Kamtchatka Mzc? Runeva N. P. 1981 

ex*USSR Sakhalin Mesozoic Strati Zhamoida A L 1969 

ex-USSR Siber. Russia Czc Mzc Lipman R Kh. 1960 

ex-USSR Sikhote Mesozoic Strati Zhamotda A. 1.1968 

ex-USSR Sikhote-Alin, Mzc TiKhomirova L. B, 1975 

ex USSR Tadzhik Cret. Campan. Taxon. N.Sp. Goltman E. V. 1984 

ex-USSR Tadzhik Cret. Senon. Evolu. GoHmar. E. V. & Babaeva B. 1985 

ex-USSR Tadzhiksk Cret. Senon, Strati Goltman E. V. 1981 

ex-USSR Tadzhiksk 

Ouater. 

Cret. Goltman E. V. 1973 

ex-USSR Tadzhiksk 

(Campan. Maastr.) 

Strati Goltman E. V. 1975 

ex-USSR Tethys Carpath. Earl.Cret. TiKhomirova L. B, 1983 

ex-USSR Tethys Caucasia Jur. Tikhomirova L. B. 1981 

ex-USSR Timan-Ural E.Kimm. KûZlovaG. E. 1971 

ex-USSR Ukrain. Carpath. Cret. Kazinlsova Ll. 1984 

ex-USSR Urals Cret. Biozon. Amon E. 0.1988 

ex-USSR W.Siberia L.Cret.-Eocene Koztova G. E. & Gorbovets A. 1966 

ex-USSR W.Siberia Cret. Turon. Strati Amon E. O. 1985 

Indian S. Cret. Riedel W, R, & Sanfilippo A. 1974 

Méditer. M.Cret, Ecology Biostr. Thurow J. &. Kuhnt W. 1988 

Mid.East Israël Earl.Cret.-Czc Reiss Z. 1952 

N.Africa Turon. Anoxy Thurow J 1988 

Pacif Indones. Czc Mzc Sedim. Hinde G. J. 1897 

Pacif. Cret. Strati Taxon. Schaal A. 1984b 

Pacif, Cret. Strati Envir. Taxon. SchaafA I984a 

Pacif. Strati DSDP Riedel W. R, 1981 

Pacif. Amer.C. Strati White M. P, 1928 

Pacif. Austral. Pzc-Mzc Tecton. Flood P. G. 1988 

Pacif. Austral. Mzc Sedim. Envir. Fenlon M- W ef al. \ 982 

Pacif. Australia Czc? Mzc? Pzc? Sedim. HindeG. J, 1893 

Pacif. Indones. Bornéo Cret. Hinde G. J. 1900 

Pacif. Indones. Bornéo Tr. Taxon. HindeG. J. 1908 

Pacif. Indones. Celebes Mzc? Hojnos R. 1934 

Pacif. Mariana Leg 60 Cret. Strati DSDP Kling S. A. 1982 

Pacif. New Zealand L.Tr. Blome C, 0. état. 1987 

Pacif. New Zealand Jur. Feary D, A S Hill  P. H. 1978 

Pacif. New Zealand Jur.-Cret. Strati Feary D. A. 8 Pessagno E. A. Jr 1980 

Pacif.N. Cret. Strati Taxon. DSDP32 Foreman H. P. 1975 

Pacif.SW. Plankton Geograph. StevensG R. i960 

Pacific Mid. Cret. Campan. Taxon. DSDP Empson-Mofin K M. 1981 

Tethys Tr.-Cret. Taxon. Evolu. De Wever P. 1984b 

Tethys Jur.-Cret. Taxon. Fischli H. 1916 

Tethys Mid.Jur.-Earl.Cret. Strati Taxon Baumgartnef P. 0.1984 
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Tethys Mzc-Czc Taxon. Evolu. Dumitrica P. 1983a 

Tethys Jur. Environ. Sedim. Biostr Baumgarlner P. 0.1987 

Tethys Mid.-Tr. Taxon. Evolu. Dumitrica P. 1983b 

Tethys Tr.-Jur. Taxon N-Sp. KozurH- 19a4b 

Tethys Tr.-Jur. N.Sp, Taxon. KozurH. 1984d 

Tethys Mid.Tr. Taxon. N.Sp. Dumitrica P, 1982b 

Tethys Tr. Taxon. N.Sp. Dumitrica P. 1982a 

Tethys Diagen. Sedim. Silica Hattorl 1, 1989 

Tethys 

Tethys Tr.-Cret. Taxon. Evolu. Phylogen. 

Kilo N. A De WavRr P. 1988 

De Wever R & Origlia !. 1984 

Tethys Tr.-Cret. Taxon. Evolu. Phylogen. De Wever P. & Or»glia 1. 1983 

Tethys Alpes France Ligurian Jur. Strati Ophiol. De Wever P. & Caby R. 1981 

Tethys Alps Austha Jur. Taxon. Strati MuzavorS, N.X. 1977 

Tethys Alps Austha N.Kalkalpen L.Jur-E.Cret. Taxon. Strati Holzet H -L 1980 

Tethys Alps Europe Mzc Taxon. Donofrio D A. & Mostler H. 1978 

Tethys Alps Itaiy Jur.-Cret. Strati Taxon. Radt Kocher R. N. 1981 

Tethys Alps N.ltaly (Recoaro) Austha L.Tr. Taxon. N.Sp. Lahm B. 1984 

Tethys Alps NW.Carpath. Klippen Z. Mzc Hojnos R. 1929 

Tethys Amer.C, Jur.-Crel. Radt De Wever P, étal. 1986a 

Tethys Budva (Moritenegro. Yugoslavia) Jur.-Cret. Taxon. Gorican S, 1987 

Tethys Bulgaria Trekljano S.W.Bulgaha 

Tethys Carpalh. L.Jur. Biostr. 

Zagorcev ). & Tikhomirova L. 1986 

Orvoldova L. & Pefercakova M. 1987 

Tethys Carpath. Klippen Jur. Ozvoldova L & Sykora M. 1984 

Tethys Carpath. Klippen L.Jur. Ozvoldova L. 1975 

Tethys Carpalh. Klippen L.Jur. Ozvoldova L. 1979a 

Tethys Carpath. Méditer. Lasser Caucas. L.Jur.-Cret. Tikhomirova L. B. 1984 

Tethys Carpalh. Slovak Klippen Podbiel Jur. Ozvoldova L. 1979b 

Tethys Cret, Jur. Taxon. Evolu. De Wever P 1983 

Tethys Cyprus Oman Jur.-Cret. Strati Blome C. D. & Irwin W. P. 1985 

Tethys Cyprus. (Troodos) Cret.-Czc Strati Envir Ophiol. Robertson A. H. & Hudson J. D. 1974 

Tethys E.Carpathians S.AIps Tr. Taxon. N.Sp. Phylogen. Dumitrica P- 1982c 

Tethys E.Rhodope Bulgaria E.Cret. Strati Lipman R. Kh. & Boyanov 1.1976 

Tethys Europe Cret. Rüst D-1887 

Tethys Europe Cret. Taxon. Rûst D. 1888 

Tethys Europe Tr.(Ladin.) Taxon. N.Fam. Kozur H. 1988 

Tethys Europe Tr. Taxon. Kozur H- & Mostler H. 1984 

Tethys Europe Jur.-Cret. Taxon. RüstD. 1898 

Tethys Europe Jur. Taxon. Rüst D. 1B85 

Tethys Europe Tr. Taxon. Rüst D. 1892 

Tethys Europe (Italy. Spain. France) Pzc-Czc Skelet. De Wever P 1985 

Amer.N. Callf. 

Tethys Europe Alps Tr. Taxon. N.Sp. Kozur H & Mostler H. 1981 

Tethys Europe Alps Oxf.-Kimm. Strati Envir Taxon. Ophiol. SchaafA er ai. 1985 

Tethys Europe Alps Tr.-Jur. Taxon. N.Sp. Kozur H. 5 Mostler H. 1979a 

Tethys Europe Alps Tr. Taxon. N.Sp. Kozur H. S Mostler H. 1972 

Tethys Europe Alps Tr.-Jur. Taxon.S N.Sp. Kozur H & Mostler H. 1978 

Tethys Europe Alps Austr»a Tr. Taxon. N.Sp. KozurH. & Mostler H. 1979b 

Tethys Europe Alps Austha L.Jur. Sedim. Steiger T. 1981 

Kalkalpen Salzburg 

Tethys Europe Austha Salzburg Earl.Lias. Dunikowski E. V. 1882 

Tethys Europe Carpath. Meliata-Serie Pzc-Mzc Strati Kozur H. AMockR 1973 

Tethys Europe Corsioa Jur.-Cret. Ophiol. Strati De Wever P, e/a/. 1987b 
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Tethys Europe Eastern Rhodops Bulgaria Earl.Cret. Boyanov 1. & Lipman R. Kh. 1973 

Tethys Europe ex-USSR Mzc Bioz. Vishnevskaya V. S. 1985 

Amer.N. Calif, Asia Japan 

Tethys Europe Greece Tr.-Jur. Strati Envir. Paleogeog. De Wever P. & Dercourt J. 1985 

Tethys Europe Greece Crete Tr. Metam. Strati KozurH. AKrahl J. 1984 

Tethys Europe Greece lonian Callov.-Tithon. Karakilsios V- et ai 1988 

Tethys Europe Greece llaly Siclly Turkey Tr. Lias. Taxon. Strati De Wever P. 1982b 

Tethys Europe Greece Pindos Jur.-Cret. Strati De Wever P. A Origlia 1. 1982a 

Tethys Europe Greece Pindos Lias. Taxon. Radt De Wever P S Orlgria 1. 1982b 

Tethys Europe Greece PIndos Olonos Dogg.-Malm. Strati De WevGf P & Cordey F. 1984 

Tethys Europe Greece Pirrdos-Olonos Jur.-Cret. Taxon. Environ. De Wever P. & Thiébault F. 1981 

Tethys Europe Greece Plndos-Olonos L.Tr. Zagofcev 1. et ai 1989 

Tethys Europe Hungary Mzc Hojnos R 1916 

Tethys Europe Hungary Mechek L.Jur. Sedim. Strati Nad| 1.1971 

Tethys Europe llaly (Euganei) Crel. Taxon. Squinabol S. 1903 

Tethys Europe Italy (Euganel) Cret. Taxon. SqumabolS. 1904 

Tethys Europe llaly (Lagonegro) Tr.-Cret. De Wever P. & Miconnet P. 1985 

Tethys Europe Italy Jur. dating ContiM. efa/. 1988 

(Ligur., Apenn.Mt.Alpe) 

Tethys Europe Italy (Veneto) Cret. Taxon. Squinabol S. 1914 

Tethys Europe Italy Alpes Jur. Ophiol. De Wever P. étal. 1987 

Telhys Europe italy Alps Mongmervo Cret. Taxon. SqumabolS. 1912 

Tethys Europe Italy Bolognese Mzc Taxon. Neviani A. 1900 

Tethys Europe N.Apen. italy (La Spezia) Tr./Llas. Taxon. Strati Ciarapica G. & Zaninetti L. 1982 

Telhys Europe N.Hungary Jur.(Bajoc.) Taxon. KozurH. 1985 

Tethys Europe N.Hungary Jur. Taxon. KozurH.&MostlerH. 1986 

Tethys Europe N.Hungary Rudabanya Mid.Jur. Grill  H.>1. & Kozur H. 1986 

Tethys Europe NW.Yugoslavia Mid.Tr. Taxon. Biostr. Gorican S 1988 

Telhys Europe Romania Jur.-Cret. Taxon. Dumitrica P. 1970 

Tethys Europe Russia lirais E.Perm. Taxon. KozurH. &Mostler H. 1989 

Telhys Europe Slovenia (NW YugosL) Ladin.(MTr,) Taxon. Kolaf-Jurkovsek T. 1989 

Tethys Europe Slovenia Tr.-Jur. Goncan S, S Kolar Jurkovsek T. 1984 

Telhys. Europe Spain, Sicily. SE France L.Jur.- E.CreL Biostr, Manlvil H et al 1986 

Telhys Europe Swilzer. Mzc Czc Taxon. Jaccard F. 1909 

Tethys Europe Taxon. N.Sp., Evolu. Kozuf H. & Mostler H. 1983 

Tethys Europe Turkey Lias. Taxon. De Wever P. 1984c 

Telhys Europe Turkey Lias. Taxon. N.Sp. De Wever P 1982a 

Telhys Eur. W. Carpath. Kysuca Klippen Mzc Biostr Ozvûldova L. 1988 

Tethys Europe W Carpath. Mzc Jur. KozurH. & Mock R. 1985 

Tethys Europe W.Carpaths Meliata Jur. Kozur H. & MocK R. 1985 

Tethys France Hles-Alpes L.Jur.-E.Cret. Turner J. 1965 

Telhys German Dog. Heitzerl 1930 

Telhys Greece Late Jur. Taxon. Strati Baumgartner P. 0.1980 

Tethys Greece Jur.-Cret. Radt Thiébault F. et ai 1980 

Tethys Greece (Ewoia, E.Greece) Late Jur.-Earl.Creî. Strati Taxon. Baumgartner P. 0- S Bernoulli D. 1976 

Telhys Greece (Peloponnesus) Jur. Strati Sedim. Baumgartner P. 0.1985 

Telhys Greece Argolis Jur.-Cret. Baumgartner P. 0.1981 

Telhys Greece Epireous Jur. Taxon. Strat. Danelian T. 1989 

Tethys Greece Epireous Jur.-Crel. Strati DaneHan T et al. 1966 

Tethys Greece Europe Asia Amer. Jur.-Cret. Radt Climat De WevBf P. 1987 

Tethys Greece Hungary MidJur.-Cret. Taxon. Cordey F. 1984 

Tethys Greece Italy L.Jur.-Earl.Cret. Strati Baumgartner P. 0.1980 
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Tethys, Greece, Italy L.Jur.-Earl.Cret. DSDP Devos 1. 1983 

Amer.C. Costa Rica 

Tethys Greece Italy (Sidly) Jur.-Cret. DSDP Taxon. Strati Origlia-Devos 1. 1983 

Amer.C. Costa Rjca Indran 

Tethys Greece Haly Lombardia Jur.-Cret, N.Sp. Taxon. De Wever P. 1981c 

Tethys Greece Méditer Karpathos Cret. Vinassa de Regny P. E. 1901-02 

Tethys Greece Pindos Europe Jur.-Cret. Baj.(?)-. Strati Taxon. De Wever P. & Cordey F. 1986 

Tithon 

Tethys Greece PindosZ. (S.peigponnes.) Jur.-Cret. Thiebault F. étal. 1986 

Tethys Greece Sictiy, Turkey. Tr. Taxon. N.Sp. De Wever P-e( a/ 1979a 

Tethys Hungary (Dama) Tr. Strati De Wever P. 1984a 

Tethys Hungary Bukk Jur. Strati Biogeo Kozur H. 1984e 

Tethys Hungary Carpaih. Bükk Mzc Strati Kozur H. 1984a 

Meiiata Uppony Mecsek 

Tethys Italy Mzc-Czc Taxon. Vinassa de Regny P. E. 1898a 

Tethys Italy (Lombardy. Sicily) Mid.Jur.-Eari.Crel, Biostf. Strati Alla Y. 1987 

Japan (Shikoku) 

Tethys Italy (Sicily) Jur.-Cret. Taxon. Bîostr. De Wever P. et al. 1986b 

Tethys Italy (Sicily) Late.Jur.-Earl.Cret. Biostrat. Taxon. De Wever P. étal. 1985 

Tethys Italy (Spezia) Tithon. Taxon Vinassa de Regny P.E. 1899 

Tethys Italy Alps E.Carpaîhians (Rom.) Tr. Taxon. N.Sp. Dumitnea P. 1978c- 

Tethys Italy Appennine Jur. Marcucci M, étal. 1987 

Tethys Italy Bolognese Jur. Vinassa de Regny P. E. 1900 

Tethys Italy E.Liguria (Mte Aipe) Taxon. Conti M. a Passenhi M. 1988 

Tethys Italy Europe Mzc Czc Taxon. Nevtani A. 1901 

Tethys Italy Europe C Appennine Cret. Biostr Marcucci Passerini M. étal. 1988 

Tethys Italy France Ligury Europe Alps 

(Cenom.-Turon.) 

Jur.-Cret, Ophiol. Strati De Wever P, ef a/ 1987a 

Tethys Italy N Apennins Corsica Jur.-Cret. Strati Conti M. étal- 1985 

Tethys Italy N.Apennines Jur. Stratig. ophiol. Barrel T J 1902 

Tethys Italy N.Apennines Jur,-Cret, Strati Conti M. & Marcucci M. 1986 

Tethys Italy S.Tuscany Biostr. Conli M. 1986 

Tethys Italy Spezia Jur. Tithon. Vinassa de Regny P. E. 1898b 

Tethys Morocco (Rif) Jur.-Cret. Paleogeog. Strati Envir. De Wever F étal. 1985b 

Tethys Morocco N.Rif Jur.-Cret. Taxon. Strati Radt El-Kadiri Kh *984 

Tethys NW Greece lonian Jur. Biostr. Danelian T, S De Wever P. 1988 

Tethys Oman Permian-Cret. Biostr. De Wevdr P s Bourbillon C. 1988 

Tethys Oman Cret. Strati Ophiol. Beurrier M. étal. 1987 

Tethys Oman Perm.-Cret. Radt Telhys strat. Bourdillon C et ai 1987 

Tethys Oman (Hawasina) Mzc Permian Strati Paleogeog. De Weve  ̂P étal. 1988 

Tethys Oman (Hawasina) Strati Blome C. D. e/ al. 1983 

Tethys Oman (Samail N.) Cret.(Senon.) Radt Taxon. N.Sp. De Wevar P. S Bourdillon C. 1988 

Tethys Oman (Semail) Cret. Campan. Strati Taxon. Ophiol. Schaaî A. à Thomas V. 1986 

Tethys Oman (Semail) Jur.-Cret. Ophiol. Tippit P R. étal- 1983 

Tethys Oman Hawasina Mzc DavisA. G. 1950 

Tethys Pannonian Hungary Mzc Biogeo Strati Kozur H. 1984c 

Telhys Remania Jur.-Cret. Radt Proiescu O, 1933 

Tethys Romania Carpath. Cret.(Cenom.) Taxon. Strati Dumitnea P. *975 

Tethys Rotti Europe Italy Mesozoic Taxon. Strati RiedelW. R 1953 

Tethys S.AIps. Mid.Tr. Taxon. Strat» Dumitrica P étal. 1980 

Tethys Tethys Oman Samail Cret.(Senon.) Taxon. Ophiol. De Wever P. étal. 1988 

Tethys Turkey Lias. Taxon. N.Sp De Wever P. 1981 b 
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Tethys Turkey Lias. Taxon. N.Sp. De Wever P. 1981a 

Tethys Turkey Mzc Ophiol. Bailey E. B. & McCallien W. J. 1953 

Tethys W.Carpath. Yugosl. L.Jur.-E.Cret. 

(Tithon.-Neocom.) 

Sedim. Misik M. 1973 

Tethys W.SIovenia E.Cret. Pavsic J. & Gorican S. 1987 

Tethys Yugosl. Mzc Radt Obradovic J. & Gorican S. 1987 

Tethys Yugosivia Slovenia Jur. Taxon. Gorican S. 1983 

W.Pacif. E.Cret. DSDP62 Strati Taxon. Schaaf A. 1981b 

W.Pacif. indones. Bornéo Mzc Strati Dating Ophiol. Leong K. M. 1975 

W.Pacif. Palawan Block, Philippines L.Pzc-Earl.Mzc Strati Cheng Y.-N. 1989 

W.PAcif.E.Australie (New England) Pzc Mzc Aitchison J. 1988 

W.Pacific, DSDP Leg 61 Czc Mzc Cret. Strati De Wever P. 1981d 

World Mzc Premoli-Silva 1. étal. 1976 
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